






RELATIONSHIPS BETWEEN PRIMAL CUT WEIGHTS AND ECONOMIC VALUE AND 












Submitted in partial fulfillment of the requirements 
for the degree of Master of Science in Animal Sciences 
in the Graduate College of the 









 Professor Michael Ellis, Adviser 
 Associate Professor Anna C. Dilger 




 The objective of this research was to evaluate relationships between growth performance, 
ultrasonic, carcass, and meat quality measurements and individual and total primal cut weights 
and estimated carcass and primal value of crossbred pigs.  The study used a population of 
crossbred barrows and gilts (n = 6,720) owned by The Maschhoff’s, LLC (Carlyle, IL).  The pigs 
were the progeny of 28 Duroc sires and 1038 Landrace × Large White crossbred sows.  The 
growth performance evaluation was carried out from weaning (18.6 ± 1.09 d of age; 5.4 ± 0.32 
kg live weight) to slaughter (196.6 ± 8.0 d of age; 137.2 ± 14.0 kg live weight).  Pigs were reared 
in standard wean-to-finish facilities in single-sire, single-sex pens of 20 at a floor space of 0.68 
m2/pig.  Pigs had ad libitum access to feed and water throughout the study.  Individual pig and 
pen weights were collected at weaning, week 10 of the study, and at the end of the trial.  Pen 
means for average daily gain (ADG), average daily feed intake (ADFI), and gain:feed (G:F) 
were calculated for each interim and overall growth period.  Ultrasonic backfat depth and 
Longissimus muscle depth and area were measured at the 10th rib on all pigs prior to slaughter.  
Carcass weight, dressing percentage, and Fat-O-Meater backfat depth and loin muscle depth at 
the 10th rib was collected on each carcass on the slaughter line.  Carcass fat-free lean percentage 
was calculated from carcass weight, backfat depth, and loin depth for each carcass.  The weight 
of the Boston butt, picnic, loin, spareribs, belly, ham, carcass length, and meat quality 
measurements were collected on a sample of 4 pigs from each pen that were representative of the 
range of live weights in each pen at slaughter.  Carcass and primal value of each carcass were 
estimated using average prices reported by USDA AMS (2020) from 2017 to 2019.  Correlations 
were weak between overall ADG, ADFI, and G:F and carcass value (r = -0.12, -0.22, and 0.15 
respectively) and primal cut value (r = 0.19, 0.29, and -0.18 respectively).  Slaughter and carcass 
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weights were strongly positively correlated with primal cut weights (r = 0.74 to 0.98).  
Correlations between backfat depth and Longissimus muscle measurements (taken either 
ultrasonically or on the slaughter line) and primal cut weights were positive and ranged from 
0.04 to 0.64.  Carcass backfat depth was negatively correlated with carcass value (r = -0.45) but 
positively correlated with primal cut value (r = 0.56).  Predicted carcass fat-free lean percentage 
was positively correlated with carcass value (r = 0.44) but negatively correlated with primal cut 
value (r = -0.53).  Meat quality measurements were weakly correlated with either primal cut 
weights or carcass and primal cut value (r ≤ 0.21).  Regression analyses were conducted to 
develop equations to predict primal cut weights (individual and total) and estimated value 
(carcass and primal) using either live animal or carcass measurements.  Curvilinear regression 
equations provided only small improvements in adjusted R2 and Akaike’s Information Criterion 
(AIC) compared to linear regression equations for all dependent variables (excluding carcass 
value).  In one-variable equations, slaughter weight (for equations using live animal 
measurements) or carcass weight (for equations using carcass measurements) explained the most 
variation in the weight of all individual and total primal cuts and carcass value.  In general, the 
best two-variable equations to predict primal cut weights using live animal measurements 
included slaughter weight and backfat depth and using carcass measurements included carcass 
weight and backfat depth.  For most dependent variables, only limited improvements to the 
predictive accuracy were obtained in equations containing three or more variables when 
compared to two-variable equations.  Results of this study suggest that the relationships of 
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CHAPTER 1: LITERATURE REVIEW 
INTRODUCTION 
Over the last 30 years or more, there have been a significant number of key developments 
within the U.S. swine industry that have impacted both the pork production and slaughter 
sectors.  There has been a major increase in the weight of pigs at slaughter; between 1995 and 
2017 the average weight of pig carcasses increased from 82 to 95 kg.  This change was driven by 
potential benefits to producer and by packer profitability and efficiency (Harsh et al., 2017b).  In 
addition, the development of a immunological castration product (Improvest, Zoetis Inc., 
Kalamazoo, MI) has provided an effective method for reducing boar odor of intact males while 
allowing the advantages of improved lean deposition and growth performance, compared with 
physically castrated barrows, to be captured (Harsh et al., 2017a).  Moreover, the majority of the 
major packers in the swine industry have pledged to only slaughter pigs that have not been fed 
ractopamine hydrochloride, which will reduce feed efficiency and carcass leanness of  pigs 
during the finishing period (Hess, 2020).  Furthermore, the emphasis of certain genetic selection 
programs has been shifting from a focus on increasing leanness towards improvement of primal 
cut yield and carcass economic value (van Wijk et al., 2005; Miar et al., 2014; Kongsro et al., 
2017) to satisfy an increasing number of pigs bought and sold based on carcass cutout values.  
For example, the Chicago Mercantile Exchange has recently provided producers with the option 
to buy futures contracts based on approximate value of a pig calculated using prices paid by 
processors for wholesale primal cuts (CME Group, 2020).  Thus, modifications to genetic 
selection programs such as these may affect the rate of phenotypic change and trends in absolute 
values of growth performance and carcass characteristics over time. 
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The effect of each factor described above on growth performance and carcass 
characteristics is well documented in the scientific literature.  However, there is a need for a 
comprehensive summary of the literature that quantifies the effect of each of these sources of 
variation on primal cut yield (weight and percentage).  Thus, the objectives of this review were 
to summarize the literature for effects on primal cut yield of: 1) increasing slaughter and carcass 
weight; 2) sex [gilts (IF), physically castrated (PC) and immunologically castrated (IC) males, 
and intact males (IM)]; and 3) dietary inclusion level of ractopamine.  In addition, relationships 
between changes in growth performance, carcass, and meat quality measurements and primal cut 
yield were reviewed. 
OVERVIEW OF STUDIES 
A total of 17 studies were included in this review and the means for the weight and 
percentage of primal cuts (Boston, picnic, loin, ham, belly, spareribs, and total) from these 
studies are presented in Tables 1.1 and 1.2, respectively.  Most of the studies presented results in 
relation to the effect of sex on primal cuts and, therefore, results for the different sexes are also 
reported (IF, PC, IC, and IM as appropriate).  In addition, most studies reported on the weight 
and percentage of the untrimmed and trimmed loin and ham; however, only Cisneros et al. 
(1996a) measured weight and percentage of both the untrimmed and trimmed Boston and picnic 
out of 10 studies.  A summary of trimming and carcass fabrication specifications for each study 
is provided in Table 1.3.  The majority of studies utilized the National Association of Meat 
Purveyor’s (NAMP) Meat Buyer’s Guide (1992, 2007, or 2010) or similar methods as a 
reference for carcass fabrication.  However, there were 7 studies that used the either the 
proceedings of the Reciprocal Meats Conference (1952; Wagner et al., 1999), simplified 
European Community reference method (Latorre et al., 2004 and 2008), or did not clearly 
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specify fabrication and trimming methodology (Latorre et al., 2003; Correa et al., 2006; Carr et 
al., 2009; Pauly et al., 2009). 
Across studies, average hot carcass weight ranged from 78.2 (Uttaro et al., 1993) to 107.2 
kg (Lowell et al., 2019).  There was evidence that carcass weights increased over time.  This is 
demonstrated in Figure 1.1 that illustrates the relationship between publication year (from 1993 
to 2019) and carcass weight.  The slope of the regression line between hot carcass weight and 
publication year was 0.53 kg/yr (P < 0.001), which was slightly less than the slope for the same 
relationship reported by Harsh et al. (0.6 kg/yr; 2017b) between the years 1995 and 2017.  
Slaughter weights have generally increased over time in most swine industries.  For example, in 
the US average carcass weights have increased from 83.5 to 96.7 over the period from 1993 to 
2019 (0.51 kg/yr; USDA LMR Data Mart, 2020).  The increase in weight over time in the 
publications summarized in this review show that research in this area has generally taken into 
account important industry developments.  The relationship between carcass weight and 
publication year for the different sexes is also illustrated in Figure 1.1 and showed the same 
general trend with weight increasing over time.  However, there were fewer studies involving IC 
and IM pigs (6 and 3, respectively) than IF and PC pigs (12 and 16, respectively).  In addition, 
the range of publication years for IC and IM pigs (2009 to 2014) was significantly narrower than 
for IF and PC pigs (1993 to 2019).  Nevertheless, the studies presented in this review mirror the 
increases in hot carcass weight over the past 30 years or more within the U.S. and other swine 
industries. 
EFFECT OF SLAUGHTER AND CARCASS WEIGHT ON PRIMAL CUT YIELD 
Slaughter Weight.  As described above, carcass weight within the US swine industry has 
increased over time.  These increases in carcass weight can largely be attributed to increases in 
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slaughter weight, which has been driven by efforts to reduce overhead costs for pork producers, 
and, particularly, packers, and processors (Correa et al., 2006).  As the body weight of pigs 
increases, an associated increase in the weight of each primal cut can be expected.  However, 
negative associations between percentage of trimmed primal cuts and increased body weight of 
pigs across the growth period have been shown in a number of studies, which is likely due to an 
associated increase in the rate of subcutaneous and intermuscular fat deposition (relative to the 
rate of lean deposition) with increasing weight (Wagner et al., 1999; Nieto et al., 2014).  Thus, to 
quantify these relationships, a summary of a subset of 6 studies from Tables 1.1 and 1.2 that 
reported on regression slopes between slaughter weight and primal cut weight and percentage is 
presented in Table 1.4. 
All 6 studies showed positive linear relationships between slaughter weight and the 
weight of primal cuts and total primal cut weight (sum of the weights of the trimmed Boston, 
picnic, loin, and ham).  Linear regression slopes between slaughter weight and the weight of each 
individual (trimmed and untrimmed were pooled together) and total primal cut weights were 
averaged across the 6 studies.  The mean increase in the weight of ham, loin, belly, Boston, 
picnic, and spareribs was 0.129, 0.094, 0.063, 0.047, 0.044, and 0.012 kg/kg increase in slaughter 
weight, respectively (Table 1.4).  As expected, the regression slope between total primal cut 
weight and slaughter weight was numerically much higher than for each individual primal cut 
weights (0.336 kg/kg; Table 1.4).   
Although each study reported positive regression slopes, the range in regression slopes 
between studies was relatively large for certain primal cuts (Table 1.4).  For example, regression 
slopes for the ham, loin, and total primal cut weight ranged from 0.073 to 0.200, 0.058 to 0.144, 
and 0.183 to 0.463 kg/kg, respectively.  In general, fabrication and trimming specifications 
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across studies were similar (Table 1.3).  Thus, the variation in regression slopes between studies 
is likely due, at least in part, to the range of slaughter weights used in each study.  For example, 
Wagner et al. (1999), in pigs that weighed from 27 to 152 kg (range of 127 kg) at slaughter, 
reported regression slopes of 0.071, 0.069, 0.144, and 0.179 kg/kg between slaughter weight and 
the weights of the Boston, picnic, loin, and ham, respectively.  In contrast, Correa et al. (2006), 
in pigs that weighed from 107 to 125 kg (range of 18 kg) at slaughter, reported lower regression 
slopes between slaughter weight and the weights of the same cuts (0.057, 0.042, 0.077, and 
0.082, respectively).  Virgili et al. (2003) and Latorre et al. (2008) hypothesized that the rate of 
increase in the weight of each primal cut for a one unit increase in slaughter weight (i.e. 
regression slopes) can vary dependent on age and weight due to factors such as differing degrees 
of fat deposition and growth rate of individual primal cuts.  In addition, the genotype and sex of 
the pigs used differed between studies and most likely contributed to the variation in regression 
slopes.  However, the effect of these factors will be discussed in later sections. 
 The studies summarized in Table 1.4 also reported on the relationship between slaughter 
weight and the percentage of the individual and total primal cuts.  For most primal cut 
percentages, the average regression slopes across slaughter weight and primal cut percentages for 
these 6 studies were negative (-0.006, -0.008, -0.017, -0.003, and -0.028 kg/kg for the picnic, 
loin, ham, spareribs, and total, respectively; Table 1.4), which agree with the statements of 
Wagner et al. (1999) and Nieto et al. (2014) that percentage of primal cuts decrease with 
increases in weight.  However,  slopes were positive for the Boston and belly (0.005 and 0.022 
kg/kg, respectively; Table 1.4), although the average regression slope for the Boston was close to 
zero.  Because a larger percentage of the weight of the belly, compared to other primal cuts, is 
adipose tissue, the reported positive slope can most likely be attributed to increased rates of fat 
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deposition as body weights increase.  Nevertheless, it must be emphasized that the average 
regression slopes were relatively small.  For example, a 10 kg increase in slaughter weight would 
result in only a 0.3 percentage unit decrease in total primal cut percentage based on the studies 
summarized (Table 1.4). 
 Carcass Weight.  As previously discussed, carcass weights in the US have steadily 
increased over the past 30 years or more.  Harsh et al. (2017b) predicted that pork carcasses 
could reach an average weight of 104, 111, and 118 kg by the years 2030, 2040, and 2050, 
respectively, based on historical rates of increase.  Therefore, an understanding of the 
relationship between carcass weight and primal cut weight and percentage is important.  Of the 
17 studies presented in Tables 1.1 and 1.2, none reported on the regression relationships between 
carcass weight and the weight and percentage of primal cuts.  To estimate the potential 
relationship between increasing carcass weight and changes in primal cuts, means for carcass 
weight and primal cut weight and percentage from the 17 studies (Tables 1.1 and 1.2) were used 
in a regression analysis which was carried out with the lm function of the base package (R Core 
Team, 2020) in R (R Foundation for Statistical Computing, Vienna, Austria) to calculate 
regression slopes between carcass weight and primal cut weight and percentage.  The results of 
the regression analysis between carcass weight and individual and total primal weight and 
percentage are presented in Figures 1.2 and 1.3, respectively. 
 As reported above for slaughter weight, slopes of the regression between carcass weight 
and each individual primal cut weight (trimmed Boston, trimmed picnic, trimmed and untrimmed 
loin, trimmed and untrimmed ham, belly, and spareribs) and total primal cut weight were 
positive (P < 0.05) (Figure 1.2).  The slope of the regression between carcass weight and total 
primal cut weight was the greatest; for every 1 kg increase in carcass weight, total primal cut 
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weight increased by 0.84 kg.  However, the direction and strength of the regression relationships 
between carcass weight and primal cut percentages were not as consistent.  For example, the 
slopes of the regressions between carcass weight and trimmed Boston, untrimmed ham, and 
trimmed ham percentages were negative (-0.02, -0.04, and -0.05 percentage units per kg, 
respectively) and between carcass weight and trimmed picnic, untrimmed loin, trimmed loin, 
belly, spareribs, and total primal cut percentages were positive (0.06, 0.15, 0.01, 0.01, 0.01, and 
0.1 percentage units per kg, respectively; Figure 1.3).  However, most of the slopes were small 
and of limited practical significance, with only the slopes between carcass weight and trimmed 
picnic and untrimmed loin percentage being significantly different than zero (P < 0.05; Figure 
1.3).  Therefore, the conclusion from this literature review is that changes in the percentage of 
primal cuts with carcass weight are limited.   
EFFECT OF SEX ON PRIMAL CUT YIELD 
Summaries of 17 studies that have evaluated the effect of sex on primal cut weight and 
percentage are presented in Tables 1.5 and 1.6, respectively.  Primal cut weights and percentages 
for each sex (IF, IC, and PC) were compared to PC, with PC being the reference sex.  Thus, the 
next three sections will compare IF vs. PC, IC vs. PC, and IM vs. PC, respectively.  
Intact Females compared to Physically Castrated Males.  Thirteen studies compared 
primal cut weights between IF and PC; these studies were published between 1993 and 2019 
(Table 1.5).  The mean differences between IF and PC for the weight of the trimmed Boston, 
trimmed picnic, untrimmed and trimmed ham, and spareribs averaged across studies (7, 7, 12, 7, 
and 7 studies, respectively) was relatively small (0.01, 0.24, -0.28, -0.26, and -0.02 kg 
respectively).  However, untrimmed loin and belly (6 and 9 studies, respectively) of PC were on 
average 1.01 and 0.71 kg heavier, respectively, than for IF.  In addition, PC had on average 0.67 
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kg heavier total primal cut weight than IF (6 studies; Table 1.5).  However, the carcasses of PC 
carcasses were generally heavier than for IF which, in part, would explain some of the 
differences in the weight of primal cuts between these two sexes. 
In addition to primal cut weight, the thirteen studies described above evaluated 
differences between PC and IF for primal cut percentages.  There were relatively small 
differences between these sexes for trimmed Boston and picnic and spareribs percentages with 
the difference across 7 studies ranging from -0.37 to +0.16, -0.15 to +0.27, and -0.29 to +0.17, 
respectively (Table 1.6).  However, differences between these sexes were larger and of more 
practical relevance for the percentage of trimmed and untrimmed loin and ham and the belly 
percentages.  Averaged across studies, the percentage of untrimmed loin was 0.28 percentage 
units higher for PC than IF; however, the percentage of trimmed loin was 0.77 percentage units 
lower for PC than IF (Table 1.6).  In addition, all studies found that percentages of untrimmed 
and trimmed ham were lower for PC than IF (0.82 and 0.76 percentage units on average, 
respectively).  However, the percentage of belly was higher for PC than IF (0.48 percentage 
units; Table 1.6).  Moreover, across 6 studies, PC generally had lower total primal cut percentage 
than IF (1.21 percentage units on average; Table 1.6). 
The differences between PC and IF for primal cut percentages are to be expected given 
the higher fat content of PC carcasses.  For example, PC had a higher percentage of belly and 
untrimmed loin; the fat composition of these cuts has a relatively large influence on their primal 
cut percentages, compared to other primal cuts.  However, for primal cuts that are 
characteristically lean (i.e. trimmed loin and ham) and total primal cut percentage (that includes 
the trimmed lean cuts), IF had higher percentages than PC.  Generally, barrows are fatter and 
have less muscling and carcass lean content than gilts.  Averaged across the studies in Table 1.6, 
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PC had more backfat (2.6 vs. 2.2 cm), smaller loin muscle area (48.9 vs. 51.3 cm2), and 
ultimately lower carcass lean content (54.0 vs 56.4%) than IF.  Thus, differences between these 
two sexes in the percentages of primal cuts can be explained, in part, by differences in carcass 
composition between barrows and gilts at slaughter. 
Immunologically Castrated compared to Physically Castrated Males.  For the past 
decade or more, numerous scientific publications have explored the effect of administering 
immunological castration products (such as Improvest) to intact males during the finishing 
period on growth performance and carcass characteristics.  Some advantages of immunologically 
castrated males compared to physically castrated males are improved feed efficiency during the 
growing-finishing period and increased carcass leanness at slaughter (Lowe et al., 2013; Boler et 
al., 2014).  In contrast, the main disadvantage to immunologically castrated males is reduced 
carcass yield (dressing percentage) compared to physically castrated males (Yuan et al., 2012; 
Dunshea et al., 2013).  For example, in the present review, carcass yield of IC barrows was on 
average 1.75 percentage units less than PC barrows; these differences are in part attributable to 
increased testicle, reproductive tract, and intestinal weights of IC barrows compared to PC 
barrows (Boler et al., 2014; Harsh et al., 2017a).  Nevertheless, Improvest provides an effective 
alternative to physical castration for reducing boar taint; thus, adoption of this technology within 
the US swine industry is likely to increase (Harsh et al., 2017a).  Consequently, a summary of 
the differences between immunologically and physically castrated males for primal cut weights 
and percentages is important. 
Six studies compared IC and PC barrows for primal cut weights, and these results are 
presented in Table 1.5.  On average across these studies, PC generally had lighter primal cut 
weights than IC.  For example, PC had on average 0.48, 0.45, 0.39, and 0.59 kg lighter trimmed 
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Boston, picnic, loin, and ham, respectively (Table 1.5).  In addition, PC had a 1.90 kg lighter 
total primal cut weight, on average, than IC (Table 1.5).  The exception to this was for the 
untrimmed loin and belly, in which PC had 0.32 and 0.28 kg heavier cuts, respectively, than IC 
(Table 1.5).  However, in these studies, carcass weights were 0.42 kg lighter for PC than IC, 
which contributed to these differences.  Thus, primal cut percentage is a better indicator of 
differences in primal cut yield between these two sexes.   
Differences between IC and PC for primal cut percentages across the 6 studies discussed 
above are presented in Table 1.6.  In general, each of these 6 studies found similar differences 
between IC and PC for primal cut percentages.  The average differences between IC and PC 
were small for the untrimmed ham (+0.03 percentage units) and spareribs (-0.17 percentage 
units; Table 1.6).  However, differences between IC and PC were larger for other cuts.  For 
example, PC had on average a lower percentage of the trimmed Boston, picnic, loin, ham, and 
total cuts (0.44, 0.38, 0.31, 0.53, and 2.10 percentage units, respectively) but a greater percentage 
of the untrimmed loin and belly (0.52 and 0.39 percentage units, respectively) than IC (Table 
1.6).  In a review of the literature, Harsh et al. (2017a) also compared primal cut percentages 
between IC and PC barrows across 7 studies; differences between the two sexes for primal cut 
percentage were similar in Harsh et al. (2017b) to those reported in the current review.  These 
differences between these sexes were as expected (i.e. higher yield of trimmed lean cuts and 
lower yield of the belly in IC barrows compared to PC barrows) given the physical differences in 
carcass composition between these two sexes.  For example, averaged across the 6 studies in 
Table 1.6, IC barrows had less backfat (2.17 vs 2.42 cm), greater loin muscle area (53.7 vs. 52.2 
cm2), and higher carcass lean content (56.4 vs. 54.5%) than PC barrows. 
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Intact compared to Physically Castrated Males.  Although the use of intact males is not 
currently relevant to US commercial production, a comparison of intact and physically castrated 
males for primal cut weight and percentages was included in this review in order to provide a 
comprehensive summary of the effect of sex on these measures.  However, to our knowledge, 
only 3 recent studies (Pauly et al., 2009; Boler et al., 2011 and 2014) have reported on 
differences in primal cut weights between IM and PC, and these results are presented in Table 
1.5.  On average across these studies, the weights of the trimmed Boston, picnic, loin, and ham, 
spareribs, and total primal cuts were lower for PC than IM.  This is despite the greater carcass 
weight for PC compared to IM (1.30 kg; Table 1.5).  These 3 studies also reported on differences 
between IM and PC for primal cut percentages (Table 1.6).  Intact males on average had a higher 
percentage of trimmed Boston, picnic, and loin, trimmed and untrimmed ham, spareribs, and 
total primal cuts than PC  (1.01, 0.39, 1.06, 0.72, 1.38, 0.35, and 3.75 percentage units, 
respectively) but had a lower percentage of the untrimmed loin and belly than PC (1.12 and 0.60 
percentage units, respectively; Table 1.6).  In general, these differences between IM and PC were 
considerably larger than differences between both IF and PC and, also, IC and PC.  However, 
these results are not unexpected given that IM generally have the least backfat and the highest 
carcass lean content of all the sexes discussed in the current review (Boler et al., 2014).  For 
example, across the 3 studies in Table 1.6, IM males had considerably lower backfat (1.70 vs 
2.47 cm) and higher carcass lean content (62.1 vs. 55.5%) than PC males; these were the greatest 
differences in these measures compared to PC of all of the sexes evaluated. 
 Figure 1.4 presents an overall summary of the effect of sex on total primal cut 
percentage.  Across the studies included in this review, there were considerable differences 
between the sexes for total primal cut percentage, with IM males yielding the greatest, followed 
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by IC barrows, IF, and PC barrows, in that order.  In general and as expected, the sexes that 
produced the leanest carcasses also yielded the highest percentage of the primal cuts with high 
lean content (trimmed Boston, picnic, loin, and ham) and the lowest percentage of the fatter 
primal cuts (untrimmed loin and belly).  These findings have direct implications for the value of 
primal cuts from pork carcasses, depending on the value of each of the individual primal cuts.  
For example, when the value of bellies is greater than of the leaner primal cuts, the total value 
per unit of primal cuts would likely be higher for barrows compared to the other sexes.  
However, an extensive economic analysis of primal cut value in relation to the sex of the pig 
would be required to confirm this. 
EFFECT OF FEEDING RACTOPAMINE ON PRIMAL CUT YIELD 
For over two decades, ractopamine hydrochloride (RAC) has been included as a dietary 
supplement in swine finishing diets.  The effects of dietary inclusion of RAC on pig growth, feed 
efficiency, and leanness are well-documented in the scientific literature; numerous studies have 
concluded that inclusion of RAC in finishing pig diets increases the rate of body weight gain, 
improves feed efficiency, and increases carcass leanness (Apple et al., 2007; Kutzler et al., 2010 
and 2011; Lowe et al., 2013; Boler et al., 2014; Park et al., 2018).  In addition, in a meta-analysis 
of 9 studies, Bohrer et al. (2013) found that dietary inclusion of RAC generally increases the 
percentage of individual primal cuts and bone-in carcass cutting yield (by 1 percentage unit).  
However, this review was conducted 7 years prior to the current review, and several new studies 
have been published since 2013 that have reported on the effect of RAC on primal cut yield.  
Moreover, the majority of the major packers in the swine industry are no longer accepting pigs 
that have been fed ractopamine hydrochloride as an approach to satisfy the demands of the major 
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pork importers, particularly China (Hess, 2020).  Thus, an updated summary of the literature for 
the effects of dietary RAC inclusion on primal cut weights and percentages is necessary. 
A summary of 13 studies that have evaluated the effect of RAC inclusion level (5 to 20 
mg/kg, depending on study) in finishing pig diets on primal cut weights and percentages is 
presented in Table 1.7.  For each primal cut within each study, the values in Table 1.7 were 
calculated as deviations of control pigs (CON; no dietary RAC inclusion) from RAC [dietary 
inclusion of RAC (5 to 20 mg/kg)] pigs.  In general, across studies, carcass weight was greater 
for RAC compared to CON pigs (2.83 kg on average; Table 1.7).  As a result, weights for each 
individual and total primal cuts were also greater in RAC compared to CON pigs, ranging across 
studies from 0.11 to 2.82 kg (spareribs and total, respectively).  The results of these various 
studies were in general agreement that feeding RAC had a positive effect on primal cut weights. 
Due to the large differences in carcass weight in RAC compared to CON pigs, primal cut 
percentages are more useful indicators of the effect of dietary RAC inclusion on primal cut yield 
(Table 1.7).  In general, results for the effect of dietary RAC inclusion on individual and total 
primal cut percentages varied based on the primal cut in question.  For example, differences 
between CON and RAC pigs for percentage of the untrimmed loin and ham were on average 
relatively small (0.03 and 0.19 percentage units, respectively; Table 1.7).  However, RAC pigs 
had on average higher Boston, loin, ham, and total primal cut percentages (0.20, 0.31, 0.37, and 
0.75 percentage units, respectively; Table 1.7) than CON pigs.  Larger differences between RAC 
and CON pigs for percentage of trimmed compared to untrimmed cuts were expected as RAC 
fed pigs generally have greater carcass leanness (i.e. higher carcass lean content and less backfat 
thickness) compared to CON pigs (Apple et al., 2007; Kutzler et al., 2011; Lowe et al., 2013; 
Boler et al., 2014).  For trimmed picnic and belly percentage, RAC pigs had lower percentages 
14 
than CON pigs (0.12 and 0.10 percentage units, respectively, on average); however, these 
differences were relatively small.  Based on these results, removal of RAC from finishing pig 
diets will have a direct impact on the primal value of pork carcasses.  For example, this literature 
summary showed that RAC pigs had on average 0.75 percentage units higher total primal cut 
percentage than CON pigs.  Thus, in the commercial setting, producers and packers could expect 
RAC fed pigs to yield more primal cut revenue per unit of carcass weight than CON pigs.  
Therefore, with the use of RAC declining within the US swine industry, producers and packers 
will need to find alternative approaches to increase the primal value of pigs. 
RELATIONSHIP BETWEEN GROWTH PERFORMANCE, CARCASS, AND MEAT 
QUALITY MEASURES AND PRIMAL CUT YIELD 
The main objective of swine breeding programs is to select pigs with high genetic merit 
for economically important traits.  As a result of this process, phenotypes of the traits under 
selection pressure change in absolute value over time.  Historically, swine breeding programs 
have selected for increased feed efficiency and carcass leanness (Cameron, 1990) to reduce feed 
costs and increase carcass value based on packer marketing grids that reward carcass leanness.  
However, over time, an increasing number of pigs are being bought and sold based on carcass 
cutout values.  For example, the Chicago Mercantile Exchange has recently provided producers 
with the option to buy futures contracts based on the value of a pig estimated using prices paid 
by processors for wholesale primal cuts (CME Group, 2020).  Thus, the emphasis of certain 
genetic selection programs has been shifting from a focus on increasing leanness towards 
improvement of primal cut yield and carcass economic value (van Wijk et al., 2005; Miar et al., 
2014; Kongsro et al., 2017).  Modifications to genetic selection programs such as these may 
affect the rate of phenotypic change and trends in absolute values of growth performance and 
carcass characteristics over time.  Therefore, an understanding of the relationship between 
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growth performance, carcass, and meat quality measures and primal cut yield (weight and 
percentage) is needed. 
Correlations between Growth Performance and Primal Cut Yield.  The 17 studies 
summarized in Tables 1.1 and 1.2 were used to estimate correlations between growth 
performance, carcass, and meat quality measures and primal cut weights and percentages.  It 
must be mentioned that between study variation in the weight of pigs at the beginning and end of 
the trial, carcass fabrication methodology, and the assessment of subjective meat quality scores 
by different laborers will likely impact the correlations reported.  Nevertheless, to present 
general associations between growth performance, carcass characteristics, and meat quality 
measures and primal cut yield, correlations between study means for the measures described 
above and primal cut weights and percentages of each sex (IF, PC, IC, and IM) were estimated 
using the cor.test function of the base package (R Core Team, 2020) in R; these results are 
presented in Table 1.8.  Correlations between average daily gain (ADG), average daily feed 
intake (ADFI), and gain:feed (G:F) and primal cut weights were generally positive but varied in 
strength.  For example, correlations between at least 4 of the 5 trimmed primal cut weights 
(Boston, picnic, loin, ham, and total) and each growth performance measure were positive, 
ranging from 0.10 to 0.92, 0.27 and 0.92, and 0.25 to 0.72 for ADG, ADFI, and G:F, respectively 
(Table 1.8).  In addition, the strongest correlations between growth performance measures and 
belly weight were for ADG and ADFI (0.57 and 0.71, respectively; Table 1.8).  This suggests 
that, except for the relationship between G:F and the weight of the trimmed ham, increases in 
any of these growth performance measures are generally associated with increases in individual 
and total primal cut weights.  However, it must be noted that across these studies, pigs that grew 
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faster and consumed more feed generally had higher carcass weights, which likely contributes to 
the positive associations. 
Correlations between ADG and primal cut percentages were generally moderately strong 
and positive, except for the correlations between ADG and trimmed and untrimmed ham 
percentages which were negative (r = -0.46 and -0.88, respectively; Table 1.8).  However, 
correlations between ADFI and primal cut percentages were more variable than those between 
ADG and primal cut percentages.  For example, correlations between ADFI and the Boston and 
picnic (both cuts from the shoulder) were -0.54 and 0.72, respectively (Table 1.8).  Increases in 
ADFI were associated with increases in the percentage of the untrimmed loin, trimmed ham, and 
belly but were associated with decreases in the percentage of the trimmed loin and untrimmed 
ham.  In general, pigs with high feed consumption have lower carcass lean content, which likely 
contributed to the associations with untrimmed and trimmed loin and belly percentage.  
However, associations between ADFI and trimmed and untrimmed ham percentages were not in 
agreement with this assumption.  The correlation between ADFI and total primal cut percentage 
was weak, suggesting that increases in ADFI were not associated with increases in the total yield 
of primal cuts.  With the exception of the picnic, ham, and belly cuts, correlations between G:F 
and primal cut percentages, were positive and relatively strong, ranging from 0.60 to 0.97 (Table 
1.8), suggesting that for these cuts increased feed efficiency is associated with increased primal 
cut percentages.  Thus, if pig breeding programs continue to place strong emphasis on increased 
feed efficiency, absolute values for total primal cut yield for pigs will likely also increase.   
This review of the literature of the phenotypic association between growth performance 
and primal cut weights and percentages suggests that improvement in ADG and feed efficiency 
and increases in ADFI will be associated with increases in primal cut yields.  Although these 
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relationships provide a general indication of likely changes in primal cuts that could accompany 
genetic improvement of growth performance, further investigation of genetic correlations 
between these traits would be necessary to accurately predict correlated changes to genetic 
improvement of growth. 
Correlations between Carcass Characteristics and Primal Cut Yield.  Correlations were 
estimated between the study means (from the 17 studies listed in Tables 1.1 and 1.2) of each sex 
for primal cut weight and percentage and carcass characteristics using the same methods as 
described above, and these results are also presented in Table 1.8.  Backfat depth was generally 
weakly correlated with primal cut weights, and these correlations varied in direction.  For 
example, correlations between backfat depth and the weight of the trimmed Boston, trimmed 
loin, and spareribs were negative (r = -0.39 to -0.23); in contrast, correlations between backfat 
depth and trimmed and untrimmed ham weight were positive (r = 0.20 and 0.23, respectively; 
Table 1.8).  Correlations between Longissimus muscle measurements (depth and area) and 
carcass lean content and primal cut weights were generally moderate to strong and positive, 
ranging from 0.23 to 0.84 (Table 1.8), suggesting that increased muscling and carcass lean 
content is associated with increased primal cut weights; however, pigs with larger loin muscle 
depth and area tend to have heavier carcasses, which also contributed to these positive 
associations.  There was no relationship between carcass lean content and belly weight (r = 0.01; 
Table 1.8). 
Correlations between backfat depth and primal cut percentages were generally negative 
but varied in strength.  For example, correlations between backfat depth and trimmed Boston, 
loin, spareribs, and total primal cut percentages were moderately strong and negative, ranging 
from -0.38 to -0.73 (Table 1.8).  However, correlations between backfat depth and other primal 
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cut percentages were weak (r ≤ 0.14) except for belly percentage (r = 0.32; Table 1.8).  
Correlations between loin muscle measurements (depth and area) and carcass lean content and 
trimmed Boston, trimmed picnic, trimmed and untrimmed loin, spareribs, and total primal cut 
percentages were positive but varied in strength (r = 0.14 to 0.85; Table 1.8), suggesting that 
increases in any of these measures would be associated with increases in the percentage of these 
cuts.  In contrast, correlations between loin muscle measurements and trimmed ham percentage 
were negative (r = -0.45 to -0.43; Table 1.8).  In addition, the correlation between carcass lean 
percentage and belly percentage was also negative and of moderate strength (r = -0.32; Table 
1.8).  The results from this review of relationships between carcass characteristics and primal cut 
percentages broadly suggest that as carcass fatness increases, trimmed individual and total primal 
cut percentages decrease while the percentage of the belly increases.  However, as carcass 
muscling and lean meat yield increase, trimmed primal cut yield is also likely increase, with 
associated changes to belly percentage being relatively small. 
Correlations between Meat Quality Measurements and Primal Cut Yield.  Correlations 
between means of meat quality measures and primal cut weight percentage from the 17 studies in 
Tables 1.1 and 1.2 were estimated using the same methods as described above for growth 
performance and carcass characteristics.  These results are presented in Table 1.8.  Most studies 
reported subjective scores for color, marbling, and firmness taken on the anterior surface of the 
Longissimus muscle; consequently, correlations between only these measures and primal cut 
weights and percentages will be discussed.  Most of the correlations (seven of the nine 
correlations reported) between subjective color and primal cut weights were relatively weak (r ≤ 
0.34).  However, correlations between subjective color and untrimmed loin and spareribs weight 
were positive and moderate to strong (r = 0.67 and 0.51, respectively; Table 1.8), suggesting that 
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darker Longissimus muscle color is associated with heavier weights for both these cuts.  All 
correlations between subjective marbling scores and primal cut weights were negative; however, 
only correlations with the trimmed Boston, picnic, trimmed and untrimmed loin, and total primal 
cut weights were relatively strong, ranging from -0.74 to -0.46.  This suggests that increases in 
marbling of the Longissimus muscle were associated with decreases in primal cut weights.  
Correlations between subjective firmness and primal cut weights, however, varied considerably 
in direction and strength across primal cuts.  For example, correlations between the trimmed 
picnic, untrimmed and trimmed loin, untrimmed and trimmed ham, and total primal cut weight 
were negative although only those with the trimmed Boston and trimmed and untrimmed ham 
were relatively strong (r = -0.80 to -0.52; Table 1.8).  Correlations between subjective firmness 
and trimmed Boston, spareribs, and belly weight were positive but were generally weak (r = 0.20 
to 0.38). 
Correlations between subjective color and primal cut percentages were generally weak 
with exception of those with trimmed and untrimmed loin (r = 0.83 and 0.45, respectively; Table 
1.8), suggesting that darker Longissimus muscle color was associated with higher loin 
percentages.  Moreover, 7 of the 9 correlations between subjective marbling and primal cut 
percentages were negative; of these, only the correlations with trimmed picnic and untrimmed 
ham were moderately strong (r = -0.59 and -0.43, respectively; Table 1.8).  As with correlations 
with primal cut weights, correlations between subjective firmness and primal cut percentages 
varied considerably in strength and direction; however, correlations for particular primal cut 
percentages were similar to those reported for primal cut weights.  For example, correlations 
between trimmed picnic and untrimmed and trimmed ham percentages were generally 
moderately strong and negative (r = -0.73, -0.46, and -0.50, respectively; Table 1.8), suggesting 
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that increases in Longissimus muscle firmness are associated with decreases in the percentages of 
these cuts.  In addition, the strongest positive correlations for subjective firmness were with belly 
and spareribs percentages (r = 0.37 and 0.50, respectively; Table 1.8).  Results from this 
summary of correlations between meat quality measures and primal cut yield were not as 
conclusive as those between growth performance and carcass measures and primal cut yield.  
Nevertheless, increases in subjective color scores were generally associated with increases in 
percentages of trimmed, bone-in primal cuts and increases in subjective marbling, and firmness 
scores were generally associated with decreases in these measurements.  However, further 
research in this area is required to better estimate and understand these relationships. 
Prediction Equations.  The development of packer payment schemes that are more 
focused on assessment of carcass value based on primal cut yield would require some approach 
to estimating primal cut weights and/or percentages.  Direct measurement of the weight of primal 
cuts on a large scale within the plant is likely, in the short term, to be laborious and practically 
challenging.  Consequently, the use of prediction equations to estimate primal cut weights is 
likely to be a more practical and financially viable option.   
A summary of 3 studies that presented linear regression equations to predict individual 
and total primal cut weights from slaughter and carcass measurements is presented in Table 1.9.  
Two studies reported on regression equations to predict the weight of the loin, ham, and shoulder 
(sum of the weights of the Boston butt and picnic).  In both studies, carcass weight and backfat 
depth were included in each equation (Table 1.9).  In addition, Liu and Stouffer (1995) found 
that in equations to predict the weight of the loin, ham, shoulder, and total primal cut weight that 
were based on hot carcass weight and backfat depth, the inclusion of either Longissimus muscle 
depth or area resulted in similar predictive accuracy (Table 1.9).  The only study to present linear 
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regression relationships between carcass measurements and the weight of the belly was that of 
Lisiak et al. (2015) who reported positive regression relationships between both carcass weight 
and backfat depth and the weight of the belly (Table 1.9). 
Cisneros et al. (1996b) reported on equations to predict total lean cut weight based on 
slaughter weight, backfat depth, and Longissimus muscle depth and area taken either 
ultrasonically or manually on the slaughter line (Table 1.9).  The best equation to predict total 
lean cut weight using ultrasonic measurements included slaughter weight and backfat and 
Longissimus muscle depth [R2 and residual standard deviation (RSD) of 0.75 and 2.17, 
respectively] and using carcass measurements included slaughter weight, backfat depth, and 
Longissimus muscle depth and area (R2 and RSD of 0.86 and 1.67, respectively; Table 1.9). 
CONCLUSIONS 
This literature review was carried out to provide an understanding of the major factors 
affecting the yield of individual primal cuts, with particular emphasis on factors that have 
undergone considerable changes in recent years within the swine industry (i.e. slaughter and 
carcass weight, ractopamine hydrochloride use, etc.).  Based on the results presented, each factor 
evaluated in this summary contributes to variation in the primal cut yield of pigs.  For example, 
increases in slaughter and carcass weight caused decreases and increases in total primal cut 
percentage, respectively.  In addition, IC and IM pigs had greater total primal cut percentages 
than IF and PC pigs, and pigs fed RAC had greater primal cut percentages than CON pigs.  
Nevertheless, further research into certain areas, such as the phenotypic and genetic relationships 
between growth performance, carcass, and meat quality measures, using pigs of modern 
genotypes reared in the commercial setting is required to provide more accurate and relevant 
estimates of these effects and associations. 
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FIGURES 
Figure 1.1.  Relationship between publication year and hot carcass weight (kg) of gilts (IF), 





Figure 1.2.  Linear regression relationships between means for carcass weight (kg) and each individual and total primal cut weight (kg) from the 




Figure 1.3.  Linear regression relationships between means for carcass weight (kg) and each individual and total primal percentage (%) from the 





Figure 1.4.  Summary of the effect of sex (physically castrated males were set to zero) on total 






Table 1.1. Summary of literature for primal cut weights (kg) of entire carcasses for intact males and females and physically and immunologically 
castrated males.1 
    Boston Picnic Loin Ham       
Sex and study CW, kg U T U T U T U T Belly Spareribs Total2 
Intact females (IF)                         
Uttaro et al., 1993 78.2 - 6.2 - 6.8 17.3 13.5 19.2 17.4 10.3 2.4 56.5 
Cisneros et al., 1996 98.7 9.3 7.0 10.1 8.7 24.3 16.9 23.9 20.9 15.1 3.1 71.7 
Leach et al., 1996 90.6 - - - - 23.2 - 23.8 - 13.8 3.0 - 
Wagner et al., 1999 98.3 9.7 - 9.2 - - 19.2 23.9 - - - - 
Latorre et al., 2003 91.4 - - - - - - 24.4 - - - - 
Latorre et al., 2004 94.7 - - - - - - 25.6 - - - - 
Correa et al., 2006 92.1 - 8.7 - 8.7 - 19.3 - 21.2 8.9 - - 
Latorre et al., 2008 100.8 - - - - - - 26.3 - - - - 
Carr et al., 2009 101.5 - 8.3 - 10.7 - 21.7 23.7 - 10.4 3.5 78.3 
Lowe et al., 2013 96.5 - 7.4 - 10.0 27.4 23.2 24.2 20.9 13.7 3.5 78.7 
Boler et al., 2014 101.9 - 8.0 - 10.9 27.1 22.1 25.2 20.7 14.1 3.3 79.1 
Overholt et al., 2016 94.2 - - - - - - 23.3 19.7 14.6 - - 
Lowell et al., 2019 99.6 - 8.4 - 8.8 26.8 21.9 22.9 18.3 14.6 3.6 75.6 
Mean of IF 95.3 9.5 7.7 9.6 9.2 24.3 19.7 23.9 19.9 12.8 3.2 73.3 
Physically castrated males (PC)             
Uttaro et al., 1993 79.0 - 5.9 - 6.8 17.4 13.0 18.8 17.2 11.3 2.3 56.4 
Cisneros et al., 1996 98.4 9.6 7.1 10.4 8.9 24.2 16.7 23.2 20.3 15.4 3.3 71.7 
Leach et al., 1996 91.4 - - - - 24.0 - 23.0 - 14.4 3.0 - 
Wagner et al., 1999 97.4 9.0 - 8.9 - - 17.7 22.1 - - - - 
Latorre et al., 2003 91.6 - - - - - - 24.2 - - - - 
Latorre et al., 2004 99.5 - - - - - - 25.5 - - - - 
Correa et al., 2006 93.0 - 8.4 - 8.7 - 18.7 - 20.9 9.5 - - 
Latorre et al., 2008 105.6 - - - - - - 26.6 - - - - 
Carr et al., 2009 100.7 - 8.1 - 10.6 - 20.6 23.0 - 10.9 3.4 76.5 
Pauly et al., 2009 85.0 - - - - - 20.7 - 15.3 - - - 
Boler et al., 2011 92.0 - 7.5 - 9.2 24.6 19.8 21.5 18.6 13.5 3.3 71.8 
Boler et al., 2012 92.0 - 7.7 - 9.0 24.6 20.1 21.4 18.4 13.1 3.2 71.5 
Lowe et al., 2013 102.2 - 7.7 - 10.4 29.6 23.2 24.6 20.7 14.8 3.4 80.1 
Boler et al., 2014 103.4 - 8.1 - 11.3 27.7 21.9 24.8 19.9 14.7 3.2 79.1 
Lowe et al., 2014 100.7 - 8.3 - 9.8 26.5 20.3 23.5 19.5 16.6 3.5 77.9 
Overholt et al., 2016 95.1 - - - - - - 23.2 19.4 15.2 - - 
Lowell et al., 2019 107.2 - 8.8 - 9.5 29.3 23.4 24.0 18.7 15.9 3.8 80.0 
Mean of PC 96.1 9.3 7.8 9.6 9.4 25.3 19.7 23.3 19.0 13.8 3.2 73.9 
Immunologically castrated males (IC)             
Pauly et al., 2009 83.9 - - - - - 20.6 - 15.9 - - - 
Boler et al., 2011 93.5 - 8.4 - 9.5 24.9 20.6 21.8 19.3 13.5 3.7 74.9 
Boler et al., 2012 92.5 - 8.4 - 9.5 24.2 20.6 21.8 19.3 12.8 3.3 73.9 
Lowe et al., 2013 104.8 - 8.2 - 11.2 29.5 24.2 24.3 20.9 14.6 3.7 82.8 
Boler et al., 2014 102.9 - 8.2 - 11.5 26.8 21.6 24.9 20.5 14.4 3.3 79.5 
Lowe et al., 2014 100.2 - 8.5 - 10.2 26.0 20.6 23.7 20.0 16.0 3.6 78.9 
Mean of IC 96.3 - 8.3 - 10.4 26.3 21.4 23.3 19.3 14.3 3.5 78.0 
Intact males (IM)             
Pauly et al., 2009 84.0 - - - - - 21.3 - 16.0 - - - 
Boler et al., 2011 90.9 - 8.7 - 9.1 23.7 21.3 22.0 19.8 13.0 3.6 75.5 
Boler et al., 2014 101.6 - 8.5 - 11.9 25.6 21.7 24.9 21.1 13.6 3.5 80.2 
Mean of IM 92.2 - 8.6 - 10.5 24.7 21.4 23.5 19.0 13.3 3.5 77.9 
1CW = carcass weight; U = untrimmed, wholesale primal cut weight; T = trimmed, bone-in primal cut weight (see Table 1.3 for trimming and 
fabrication specifications) 
2Total = sum of the trimmed Boston, picnic, loin, and ham and untrimmed belly and spareribs 
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Table 1.2. Summary of literature for primal cut percentage of entire carcasses for intact males and females and physically and immunologically 
castrated males.1 
    Boston Picnic Loin Ham       
Sex and study CW, kg U T U T U T U T Belly Spareribs Total2 
Intact females (IF)                         
Uttaro et al., 1993 78.2 - 7.9 - 8.7 22.1 17.2 24.6 22.2 13.2 3.1 72.2 
Cisneros et al., 1996a 98.7 9.5 7.1 10.2 8.8 24.7 17.2 24.2 21.1 15.3 3.2 72.6 
Leach et al., 1996 90.6 - - - - 25.6 - 26.3 - 15.2 3.3 - 
Wagner et al., 1999 98.3 9.8 - 9.3 - - 19.5 24.3 - - - - 
Latorre et al., 2003 91.4 - - - - - - 26.7 - - - - 
Latorre et al., 2004 94.7 - - - - - - 27.0 - - - - 
Correa et al., 2006 92.1 - 9.4 - 9.4 - 21.0 - 23.0 9.6 - - 
Latorre et al., 2008 100.8 - - - - - - 26.1 - - - - 
Carr et al., 2009 101.5 - 8.2 - 10.6 - 21.4 23.3 - 10.3 3.4 77.2 
Lowe et al., 2013 96.5 - 7.7 - 10.4 28.3 24.1 25.1 21.7 14.2 3.6 81.5 
Boler et al., 2014 101.9 - 7.9 - 10.7 26.6 21.7 24.7 20.3 13.8 3.3 77.6 
Overholt et al., 2016 94.2 - - - - - - 24.8 20.9 15.5 - - 
Lowell et al., 2019 99.6 - 8.4 - 8.9 26.9 22.0 23.0 18.4 14.7 3.6 75.9 
Mean of IF 95.3 9.6 8.1 9.8 9.6 25.7 20.5 25.0 21.1 13.5 3.4 76.2 
Physically castrated males (PC)             
Uttaro et al., 1993 79.0 - 7.5 - 8.6 22.0 16.4 23.8 21.8 14.3 2.9 71.4 
Cisneros et al., 1996a 98.4 9.7 7.2 10.6 9.1 24.6 16.9 23.6 20.7 15.6 3.3 72.9 
Leach et al., 1996 91.4 - - - - 26.3 - 25.2 - 15.8 3.3 - 
Wagner et al., 1999 97.4 9.2 - 9.1 - - 18.1 22.6 - - - - 
Latorre et al., 2003 91.6 - - - - - - 26.4 - - - - 
Latorre et al., 2004 99.5 - - - - - - 25.6 - - - - 
Correa et al., 2006 93.0 - 9.1 - 9.4 - 20.1 - 22.5 10.2 - - 
Latorre et al., 2008 105.6 - - - - - - 25.2 - - - - 
Carr et al., 2009 100.7 - 8.0 - 10.5 - 20.5 22.8 - 10.8 3.3 76.0 
Pauly et al., 2009 85.0 - - - - - 24.3 - 18.0 - - - 
Boler et al., 2011 92.0 - 8.1 - 10.0 26.7 21.5 23.4 20.2 14.7 3.5 78.1 
Boler et al., 2012 92.0 - 8.4 - 9.8 26.7 21.9 23.2 20.0 14.3 3.5 77.8 
Lowe et al., 2013 102.2 - 7.5 - 10.2 28.9 22.7 24.1 20.3 14.5 3.3 78.4 
Boler et al., 2014 103.4 - 7.8 - 10.9 26.8 21.2 24.0 19.2 14.2 3.1 76.5 
Lowe et al., 2014 100.7 - 8.2 - 9.7 26.3 20.1 23.3 19.3 16.4 3.5 77.3 
Overholt et al., 2016 95.1 - - - - - - 24.4 20.4 16.0 - - 
Lowell et al., 2019 107.2 - 8.2 - 8.9 27.3 21.8 22.4 17.5 14.8 3.5 74.7 
Mean of PC 96.1 9.5 8.0 9.8 9.7 26.2 20.5 24.0 20.0 14.3 3.3 75.9 
Immunologically castrated males (IC)             
Pauly et al., 2009 83.9 - - - - - 24.6 - 18.9 - - - 
Boler et al., 2011 93.5 - 8.9 - 10.2 26.6 22.0 23.3 20.6 14.4 4.0 80.1 
Boler et al., 2012 92.5 - 9.1 - 10.2 26.1 22.2 23.5 20.9 13.8 3.6 79.8 
Lowe et al., 2013 104.8 - 7.8 - 10.7 28.1 23.1 23.2 20.0 13.9 3.5 79.0 
Boler et al., 2014 102.9 - 7.9 - 11.2 26.0 21.0 24.2 19.9 14.0 3.2 77.2 
Lowe et al., 2014 100.2 - 8.5 - 10.2 25.9 20.5 23.7 20.0 16.0 3.6 82.4 
Mean of IC 96.3 - 8.4 - 10.5 26.6 22.2 23.6 20.0 14.4 3.6 79.7 
Intact males (IM)             
Pauly et al., 2009 84.0 - - - - - 25.4 - 19.0 - - - 
Boler et al., 2011 90.9 - 9.6 - 10.0 26.0 23.4 24.2 21.8 14.3 4.0 83.1 
Boler et al., 2014 101.6 - 8.4 - 11.7 25.2 21.3 24.5 20.8 13.4 3.4 79.0 
Mean of IM 92.2 - 9.0 - 10.8 25.6 23.4 24.4 20.5 13.9 3.7 81.0 
1CW = carcass weight; U = untrimmed, wholesale primal cut percentage; T = trimmed, bone-in primal cut percentage (see Table 1.3 for trimming 
and fabrication specifications) 
2Total = sum of the trimmed Boston, picnic, loin, and ham and untrimmed belly and spareribs 
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Table 1.3. Fabrication specifications for each study. 
Study Fabrication guide Trimming specifications Shoulder separation Ham separation 
Uttaro et al., 1993   
Skin-on picnic and ham; 
Boston and loin with 6 
mm of subcutaneous fat 
cover 
Between the 2nd and 3rd rib 
Two thirds of the 
distance between the 
anterior edge of the 
aitch bone and the first 
lumbar vertebrae 
     
Cisneros et al., 1996a and 






3 mm of subcutaneous 
fat cover on the Boston, 
picnic, loin and ham 
Between the 2nd and 3rd rib  
 Approximately 3.8 cm 
from the anterior edge 
of the aitch bone 
     
Wagner et al., 1999 
Reciprocal Meat 
Conference, 1952 
6 mm of subcutaneous 
fat over the loin; 
subcutaneous fat cover 
unspecified for other 
cuts 
Between the 2nd and 3rd rib 
Between 2nd and 3rd 
sacral vertebrae 
Latorre et al., 2003   
Boston, picnic, loin, and 
ham trimmed, 
subcutaneous fat cover 
unspecified 
    
     







Boston, picnic, loin, and 
ham trimmed of 
subcutaneous fat 
    
     
Correa et al., 2006 Marcoux, 2001 
Boston, picnic, loin, and 
ham trimmed, 
subcutaneous fat cover 
unspecified 
    
     
Carr et al., 2009   
Boston, picnic, loin, and 
ham trimmed, 
subcutaneous fat cover 
unspecified 
    
     
Pauly et al., 2009 Bee, 2001 
Boston, picnic, loin, and 
ham trimmed of 
subcutaneous fat 
    
     
Boler et al., 2011, 2012, 
and 2014; Lowe et al., 
2013 and 2014; Lowell et 






Guide, 2007 or 
2010 
Boston (IMPS #406), 
picnic (#405), trimmed 
loin (#410), untrimmed 
ham (#401), trimmed 
ham (#402), belly 
(#408), and spareribs 
(#416)1 
Between the 2nd and 3rd rib 
Approximately 3.8 cm 
from the anterior edge 
of the aitch bone 
1IMPS = Institutional Meat Purchase Specifications 
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Table 1.4. Summary of literature for effects of slaughter weight on primal cut weight and percentage of carcass weight.1 
          Relationship (b1) with SLW2 
      Boston Picnic Loin Ham 
Belly Spareribs 
 
Item Slaughter weight (kg) Total # of pigs Sex  U T U T U T U T Total
3 
Primal cut weight, kg                               
Cisneros et al., 1996a 100, 115, 130, 145, 160 160 IF, PC  0.036 0.022 0.036 0.030 0.117 0.058 0.086 0.073 0.064 0.008 0.183 
Leach et al., 1996 110, 125, 140 119 IF, PC  - - - - 0.073 - 0.088 - 0.079 0.015 - 
Wagner et al., 1999 25, 45, 64, 84, 100, 129, 152 319 IF, PC  0.071 - 0.069 - - 0.144 0.179 - - - 0.463 
Latorre et al., 2004 116, 124, 133 192 IF, PC  - - - - - - 0.200 - - - - 
Correa et al., 2006 107, 115, 125 119 IF, PC  - 0.057 - 0.042 - 0.077 - 0.082 0.047 - - 
Latorre et al., 2008 120, 125, 130, 135, 140 200 IF, PC  - - - - - - 0.195 - - - 0.363 
Mean - - -  0.054 0.040 0.053 0.036 0.095 0.093 0.150 0.078 0.063 0.012 0.336 
Mean (U and T) - - -  0.047 0.044 0.094 0.129 - - - 
Primal cut percentage                
Cisneros et al., 1996a 100, 115, 130, 145, 160 160 IF, PC  -0.001 -0.015 -0.011 -0.011 0.040 -0.020 -0.016 -0.019 0.009 -0.010 -0.065 
Leach et al., 1996 110, 125, 140 119 IF, PC  - - - - -0.038 - -0.019 - 0.045 0.005 - 
Wagner et al., 1999 25, 45, 64, 84, 100, 129, 152 319 IF, PC  -0.011 - -0.015 - - -0.012 -0.021 - - - -0.058 
Latorre et al., 2004 116, 124, 133 192 IF, PC  - - - - - - -0.042 - - - - 
Correa et al., 2006 107, 115, 125 119 IF, PC  - 0.046 - 0.012 - -0.012 - -0.028 0.013 - - 
Latorre et al., 2008 120, 125, 130, 135, 140 200 IF, PC  - - - - - - 0.027 - - - 0.040 
Mean -  -  -0.006 0.016 -0.013 0.001 0.001 -0.015 -0.014 -0.024 0.022 -0.003 -0.028 
Mean (U and T) -  -  0.005 -0.006 -0.008 -0.017 - - - 
1PC = physically-castrated male; IF =gilt; U = untrimmed, wholesale primal cut weight or percentage; T = trimmed, bone-in primal cut weight or percentage (see Table 1.3 for trimming and 
fabrication specifications) 
2Slope of linear regression of primal cut weight or percentage on slaughter weight (SLW), kg/kg or %/kg 
3Total = sum of the trimmed Boston, picnic, loin, and ham and untrimmed belly and spareribs 
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Table 1.5. Summary of literature for the effect of sex on primal cut weights.1 
    Boston Picnic Loin Ham       
Study CW U2 T U T U T U T Belly Spareribs Total 
Intact females (IF)                         
Uttaro et al., 1993 0.71 - -0.24 - -0.02 0.08 -0.52 -0.44 -0.18 0.96 -0.14 -0.14 
Cisneros et al., 1996a -0.30 0.24 0.14 0.34 0.24 -0.16 -0.28 -0.68 -0.52 0.32 0.16 0.06 
Leach et al., 1996 0.80 - - - - 0.80 - -0.80 - 0.60 0.00 - 
Wagner et al., 1999 -0.90 -0.71 - -0.29 - - -1.49 -1.79 - - - - 
Latorre et al., 2003 0.20 - - - - - - -0.20 - - - - 
Latorre et al., 2004 4.80 - - - - - - -0.10 - - - - 
Correa et al., 2006 0.87 - -0.27 - 0.03 - -0.63 - -0.30 0.63 - - 
Latorre et al., 2008 4.80 - - - - - - 0.30 - - - - 
Carr et al., 2009 -0.77 - -0.20 - -0.14 - -1.06 -0.66 - 0.44 -0.14 -1.76 
Lowe et al., 2013 5.72 - 0.24 - 0.44 2.20 -0.06 0.40 -0.18 1.08 -0.09 1.43 
Boler et al., 2014 1.50 - 0.06 - 0.42 0.62 -0.18 -0.44 -0.76 0.58 -0.12 0.00 
Overholt et al., 2016 0.94 - - - - - - -0.12 -0.32 0.58 - - 
Lowell et al., 2019 7.63 - 0.36 - 0.68 2.54 1.52 1.16 0.44 1.24 0.18 4.42 
Mean of IF 2.00 -0.24 0.01 0.02 0.24 1.01 -0.34 -0.28 -0.26 0.71 -0.02 0.67 
Immunologically castrated males (IC)             
Pauly et al., 2009 1.10 - - - - - 0.02 - -0.56 - - - 
Boler et al., 2011 -1.53 - -0.90 - -0.33 -0.33 -0.84 -0.30 -0.65 0.06 -0.44 -3.10 
Boler et al., 2012 -0.53 - -0.70 - -0.48 0.38 -0.46 -0.40 -0.91 0.33 -0.10 -2.32 
Lowe et al., 2013 -2.59 - -0.52 - -0.80 0.10 -1.06 0.36 -0.22 0.20 -0.28 -2.68 
Boler et al., 2014 0.50 - -0.08 - -0.24 0.94 0.30 -0.12 -0.60 0.28 -0.04 -0.38 
Lowe et al., 2014 0.50 - -0.21 - -0.39 0.50 -0.29 -0.22 -0.57 0.54 -0.10 -1.02 
Mean of IC -0.42 - -0.48 - -0.45 0.32 -0.39 -0.14 -0.59 0.28 -0.19 -1.90 
Intact males (IM)             
Boler et al., 2014 1.80 - -0.42 - -0.60 2.08 0.26 -0.16 -1.22 1.08 -0.24 -1.14 
Pauly et al., 2009 1.00 - - - - - -0.68 - -0.66 - - - 
Boler et al., 2011 1.10 - -1.24 - 0.12 0.90 -1.54 -0.52 -1.22 0.52 -0.34 -3.70 
Mean of IM 1.30 - -0.83 - -0.24 1.49 -0.65 -0.34 -1.03 0.80 -0.29 -2.42 
1Values were calculated as deviations of primal cut weights of each sex (intact females, immunologically castrated males, and intact males) from physically 
castrated males 
2CW = carcass weight; U = untrimmed, wholesale primal cut percentage; T = trimmed, bone-in primal cut percentage (see Table 1.3 for trimming and 
fabrication specifications) 
3Total = sum of the trimmed Boston, picnic, loin, and ham and untrimmed belly and spareribs 
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Table 1.6. Summary of literature for the effect of sex on primal cut percentages.1 
  Boston Picnic Loin Ham    
Study U2 T U T U T U T Belly Spareribs Total 
Intact females (IF)            
Uttaro et al., 1993 - -0.37 - -0.10 -0.10 -0.81 -0.78 -0.43 1.10 -0.20 -0.83 
Cisneros et al., 1996a 0.27 0.16 0.38 0.27 -0.09 -0.23 -0.62 -0.46 0.37 0.17 0.28 
Leach et al., 1996 - - - - 0.65 - -1.11 - 0.52 -0.03 - 
Wagner et al., 1999 -0.64 - -0.21 - - -1.35 -1.61 - - - - 
Latorre et al., 2003 - - - - - - -0.28 - - - - 
Latorre et al., 2004 - - - - - - -1.40 - - - - 
Correa et al., 2006 - -0.37 - -0.05 - -0.88 - -0.54 0.59 - - 
Latorre et al., 2008 - - - - - - -0.90 - - - - 
Carr et al., 2009 - -0.14 - -0.06 - -0.89 -0.48 - 0.52 -0.11 -1.16 
Lowe et al., 2013 - -0.20 - -0.15 0.57 -1.40 -1.01 -1.39 0.26 -0.29 -3.16 
Boler et al., 2014 - -0.06 - 0.25 0.21 -0.49 -0.78 -1.03 0.36 -0.16 -1.13 
Overholt et al., 2016 - - - - - - -0.37 -0.54 0.46 - - 
Lowell et al., 2019 - -0.26 - 0.00 0.46 -0.14 -0.55 -0.90 0.11 -0.09 -1.28 
Mean of IF -0.18 -0.18 0.08 0.02 0.28 -0.77 -0.82 -0.76 0.48 -0.10 -1.21 
Immunologically castrated males (IC)            
Pauly et al., 2009 - - - - - -0.30 - -0.90 - - - 
Boler et al., 2011 - -0.82 - -0.19 0.08 -0.55 0.06 -0.37 0.30 -0.41 -2.04 
Boler et al., 2012 - -0.71 - -0.46 0.57 -0.37 -0.30 -0.87 0.44 -0.09 -2.06 
Lowe et al., 2013 - -0.31 - -0.51 0.81 -0.45 0.94 0.29 0.55 -0.19 -0.62 
Boler et al., 2014 - -0.12 - -0.29 0.78 0.19 -0.23 -0.68 0.20 -0.05 -0.74 
Lowe et al., 2014 - -0.25 - -0.44 0.37 -0.39 -0.34 -0.67 0.44 -0.12 -5.04 
Mean of IC - -0.44 - -0.38 0.52 -0.31 0.03 -0.53 0.39 -0.17 -2.10 
Intact males (IM)            
Pauly et al., 2009 - - - - - -1.10 - -1.00 - - - 
Boler et al., 2011 - -1.46 - 0.01 0.67 -1.95 -0.86 -1.59 0.39 -0.42 -5.02 
Boler et al., 2014 - -0.55 - -0.78 1.57 -0.12 -0.58 -1.54 0.81 -0.29 -2.48 
Mean of IM - -1.01 - -0.39 1.12 -1.06 -0.72 -1.38 0.60 -0.35 -3.75 
1Values were calculated as deviations of primal cut percentages of each sex (intact females, immunologically castrated males, and intact 
males) from physically castrated males 
2U = untrimmed, wholesale primal cut percentage; T = trimmed, bone-in primal cut percentage (see Table 1.3 for trimming and fabrication 
specifications) 
3Total = sum of the trimmed Boston, picnic, loin, and ham and untrimmed belly and spareribs 
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Table 1.7. Summary of literature for the effect of dietary ractopamine inclusion (CON vs. RAC) on primal cut weights and percentages.1 
            Loin Ham       
Study and Measure N Sex2 CW, kg3 Boston (T) Picnic (T) U4 T U T Belly Spareribs Total5 
Primal cut weight, kg             
Stites et al., 1991 68 IF, PC 2.83 0.63 -0.05 0.67 0.78 0.90 1.06 0.05 0.25 3.12 
Uttaro et al., 1993 128 IF, PC -0.37 0.12 0.06 -0.06 0.46 0.32 0.58 0.24 0.04 1.50 
Crome et al., 1996 144 IF, PC 4.72 0.60 0.47 1.19 1.51 1.91 2.02 0.40 0.14 5.13 
Mimbs et al., 2003 56 PC 1.40 -0.02 -0.40 - 0.30 - 0.60 -0.10 - 0.38 
Carr et al., 2005 180 PC 5.60 0.76 0.53 - 1.57 - 1.67 0.60 - 5.13 
Fernandez-Duenas et al., 2008 168 IF, PC 3.93 - - 0.81 0.87 1.15 1.20 - - - 
Carr et al., 2009 278 IF, PC 2.25 0.39 0.11 - 0.72 - 1.02 0.36 0.04 2.64 
Kutzler et al., 2010 128 IF, PC 4.00 0.42 0.32 0.94 0.76 1.56 1.12 0.42 0.12 3.16 
Kutzler et al., 2011 240 IF, PC 2.40 0.30 0.31 - 0.83 0.74 0.85 0.27 0.03 2.59 
Lowe et al., 2013 180 IF, PC, IC 2.65 0.44 0.11 0.78 0.88 -0.06 -0.10 0.50 0.07 1.90 
Boler et al., 2014 192 IC 3.40 0.54 0.22 0.78 1.16 0.80 0.88 0.50 0.18 3.48 
Lowe et al., 2014 285 IC, PC 1.28 0.21 0.19 0.76 0.83 0.29 0.51 0.04 0.08 1.86 
Park et al., 2018 152 IM, IC 2.67 0.60 0.52 - 0.60 - 1.04 0.23 - 2.99 
Mean - - 2.83 0.42 0.20 0.73 0.87 0.85 0.96 0.29 0.11 2.82 
Primal cut percentage             
Stites et al., 1991 68 IF, PC 2.83 0.50 -0.43 -0.02 0.30 0.21 0.48 -0.50 0.20 1.07 
Uttaro et al., 1993 128 IF, PC -0.37 0.19 0.11 0.03 0.66 0.52 0.84 0.38 0.06 2.26 
Crome et al., 1996 144 IF, PC 4.72 0.26 0.01 0.12 0.76 0.80 1.10 -0.42 -0.02 1.68 
Mimbs et al., 2003 56 PC 1.40 -0.23 -0.82 - -0.14 - 0.21 -0.37 - -1.35 
Carr et al., 2005 180 PC 5.60 0.41 -0.09 - 0.55 - 0.49 0.05 - 1.40 
Fernandez-Duenas et al., 2008 168 IF, PC 3.93 - - -0.19 0.10 0.17 0.40 - - - 
Carr et al., 2009 278 IF, PC 2.25 0.21 -0.13 - 0.25 - 0.50 0.12 -0.04 0.92 
Kutzler et al., 2010 128 IF, PC 4.00 0.11 -0.09 -0.08 -0.05 0.54 0.28 -0.04 -0.03 0.17 
Kutzler et al., 2011 240 IF, PC 2.40 0.10 0.06 - 0.33 0.20 0.40 -0.07 -0.06 0.76 
Lowe et al., 2013 180 IF, PC, IC 2.65 0.24 -0.17 0.03 0.26 -0.70 -0.64 0.12 -0.02 -0.21 
Boler et al., 2014 192 IC 3.40 0.25 -0.15 -0.10 0.42 -0.02 0.19 0.02 0.07 0.80 
Lowe et al., 2014 285 IC, PC 1.28 0.10 0.06 0.43 0.57 -0.01 0.26 -0.17 0.03 0.86 
Park et al., 2018 152 IM, IC 2.67 0.30 0.22 - -0.05 - 0.37 -0.27 - 0.57 
Mean - - 2.83 0.20 -0.12 0.03 0.31 0.19 0.37 -0.10 0.02 0.75 
1Values were calculated as deviations of CON (no dietary ractopamine inclusion) from RAC [dietary ractopamine inclusion (5 to 20 mg/kg)] 
2IF = intact females; PC = physically castrated males; IC = immunologically castrated males; IM = intact males 
3CW = carcass weight 
4U = untrimmed, wholesale primal cut weight or percentage; T = trimmed, bone-in primal cut weight or percentage 
5Total = sum of the trimmed Boston, picnic, loin, and ham and untrimmed belly and spareribs 
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Table 1.8. Correlations between growth performance, carcass, and meat quality measures and primal cut weights and percentages from the studies in Tables 1.1 
and 1.2. 
      Loin Ham       
Measure Boston (T) Picnic (T) U1 T U T Belly Spareribs Total2 
Primal cut weight, kg                   
Growth performance                   
ADG, kg 0.92** 0.69 0.77** 0.84** 0.10 -0.10 0.57 0.73** 0.76* 
ADFI, kg 0.27 0.67 0.49 -0.27 -0.11 0.92** 0.71** 0.45 0.56 
G:F, kg:kg 0.67 0.25 0.42 0.72** 0.19 -0.80** 0.11 0.42 0.38 
Carcass characteristics                   
Backfat depth, cm -0.39* 0.02 0.04 -0.33* 0.20 0.23 0.34* -0.23 -0.02 
Longissimus muscle depth, cm 0.62** 0.72** 0.71** 0.79** 0.55** 0.41 0.23 0.56** 0.73** 
Longissimus muscle area, cm2 0.71** 0.68** 0.75** 0.84** 0.48** 0.57** 0.44* 0.77** 0.75** 
Carcass lean content, % 0.55** 0.52** 0.22 0.40* 0.40* 0.27 0.01 0.35 0.41* 
Meat quality3                   
Subjective color 0.15 -0.28 0.67** 0.34 0.00 0.10 -0.16 0.51** 0.31 
Subjective marbling -0.46** -0.69** -0.20 -0.60** -0.57** -0.18 -0.21 -0.04 -0.74** 
Subjective firmness 0.20 -0.71** -0.01 -0.04 -0.52** -0.80** 0.30 0.38* -0.36 
Primal cut percentage                   
Growth performance                   
ADG, kg 0.75* 0.43 0.88** 0.55 -0.46* -0.88** 0.31 0.79** 0.84** 
ADFI, kg -0.54 0.72 0.32 -0.75** -0.65** 0.29 0.68* 0.22 -0.02 
G:F, kg:kg 0.97** 0.02 0.60 0.96** 0.28 -0.74** -0.11 0.62 0.79* 
Carcass characteristics                   
Backfat depth, cm -0.73** -0.14 -0.07 -0.55** 0.04 -0.02 0.32 -0.43** -0.38* 
Longissimus muscle depth, cm 0.22 0.65** 0.65** 0.78** 0.05 -0.43* -0.21 0.22 0.57** 
Longissimus muscle area, cm2 0.37 0.70** 0.78** 0.85** -0.21 -0.45* 0.08 0.57** 0.60** 
Carcass lean content, % 0.48** 0.61** 0.14 0.39* 0.20 0.03 -0.32 0.30 0.38 
Meat quality                   
Subjective color 0.19 -0.30 0.83** 0.45** -0.29 0.15 -0.21 0.32 0.25 
Subjective marbling -0.04 -0.59** -0.05 -0.37* -0.43** 0.27 -0.12 0.16 -0.37 
Subjective firmness 0.33 -0.73** 0.10 0.09 -0.46** -0.50** 0.37* 0.50** -0.13 
1U = untrimmed, wholesale primal cut weight or percentage; T = trimmed, bone-in primal cut weight or percentage (see Table 1.3 for trimming and fabrication 
specifications) 
2Total = sum of the trimmed Boston, picnic, loin, and ham and untrimmed belly and spareribs 
3Subjective meat quality measures were taken on the anterior surface of the loin; scales for color, marbling, and firmness were from 1 (pale, soft, and devoid of 
marbling) to 5 (dark, firm, and abundant marbling) 
*P < 0.10 
**P < 0.05 
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Table 1.9. Summary of literature for regression equations to predict primal cut weights.1 









cm LMA, cm2 
Other 
independent 
variables6 R2 RSD 
Loin, kg2 Liu and Stouffer, 1995a -1.33  0.13 -0.10 0.05   0.78 0.53 
Loin, kg2 Liu and Stouffer, 1995a -0.99  0.12 -0.10  0.06  0.79 0.51 
Ham, kg2 Liu and Stouffer, 1995a 0.68  0.14 -0.14 0.06   0.71 0.78 
Ham, kg2 Liu and Stouffer, 1995a 0.78  0.14 -0.13  0.09  0.74 0.73 
Shoulder, kg2 Liu and Stouffer, 1995a 1.50  0.14 -0.11 -0.01   0.77 0.53 
Shoulder, kg2 Liu and Stouffer, 1995a 1.04  0.13 -0.11  0.01  0.77 0.53 
Total primal cut weight, kg2 Liu and Stouffer, 1995a -1.53  0.56 -0.29 0.09   0.91 1.24 
Total primal cut weight, kg2 Liu and Stouffer, 1995a -1.52  0.55 -0.29  0.14  0.92 1.16 
            
Total lean cut weight, kg3 Cisneros et al., 1996bb -3.19 0.34  -2.55 1.04   0.79 2.04 
Total lean cut weight, kg3 Cisneros et al., 1996bb -4.55 0.31  -2.43 0.54 0.15  0.86 1.67 
Total lean cut weight, kg3 Cisneros et al., 1996ba -1.55 0.29  -2.53 1.92   0.75 2.17 
            
Loin, g4 Lisiak et al., 2015b -1207.52  0.20 40.46   33.25 BTCII 0.92 391.12 
Ham, g4 Lisiak et al., 2015b -597.08  0.24 -41.96   18.60 TGM 0.87 447.39 
Shoulder, g4 Lisiak et al., 2015b -76.62  0.14 -15.54    0.87 263.20 
Belly, g4 Lisiak et al., 2015b 383.96  0.09 14.90   -37.73 WC 0.74 257.40 
1LMD = Longissimus muscle depth; LMA = Longissimus muscle area; RSD = residual standard deviation 
2Loin, ham, and shoulder weights are from trimmed and deboned cuts; Total primal cut weight = sum of the weight of the trimmed, boneless shoulder, ham, and 
loin and skinless belly and side ribs 
3Total lean cut weight = sum of the weight of the trimmed and boneless ham, loin, and shoulder 
4Weight of untrimmed, bone-in shoulder, loin, belly, and ham 
5Liu and Stouffer (1995) and Cisneros et al. (1996b) measured backfat depth in cm; Lisiak et al. (2015) measured backfat depth in mm 
6BTCII = Backfat thickness at the center of the gluteus medius muscle (mm); TGM = Gluteal muscle thickness of the cranial end of the gluteus medius muscle to 
the dorsal edge of the spinal canal (mm); WC = Waist width, the width of the carcass measured at the narrowest point of the lumbar region (cm) 
aBackfat and Longissimus muscle measurements were taken ultrasonically 
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CHAPTER 2: RELATIONSHIPS BETWEEN PRIMAL CUT WEIGHTS AND 
ECONOMIC VALUE AND LIVE ANIMAL, CARCASS, AND MEAT QUALITY 
MEASUREMENTS IN CROSSBRED PIGS 
INTRODUCTION 
Historically, the establishment of carcass pricing programs has incentivized producers to 
provide pigs to packers with maximum carcass fat-free lean percentage within a specified carcass 
weight range (Zhou and Bohrer, 2019).  As a consequence, selection objectives of pig breeding 
programs have largely focused on improving growth rate, feed efficiency, and carcass leanness 
(Cameron, 1990; van Wijk et al., 2005; Kongsro et al., 2017).  Pork packers and processors are 
generally not paid on the same basis as producers (i.e., based on carcass fat-free lean percentage 
and weight), but are more frequently paid based upon yield of saleable products, including the 
weight of primal cuts and by-products (Boland, 1998; Newcom et al., 2002).  Thus, it has been 
proposed that carcass pricing systems for producers should be based on prices for individual 
carcass components (i.e., primal and subprimal cuts) (Brorsen et al., 1998).  Such a development 
is likely to change the focus of genetic selection and swine management programs away from 
maximizing carcass leanness towards improving carcass cut values.  Modifications to genetic 
selection programs to achieve this objective may affect the rate of phenotypic change and trends 
in absolute values of growth performance and carcass characteristics over time.  Therefore, an 
understanding of the relationship between growth performance, carcass, and meat quality 
measures and primal cut weight is needed.  In addition, adoption by packers of payment schemes 
based on primal cut weights or value would require the collection of these measurements in the 
slaughter plant either directly or using advanced ultrasonic technology.  Alternatively, equations 
to predict cut weights and/or value based on simple carcass measurements could be used.   
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 There has been limited research to establish relationships between growth performance, 
carcass, and meat quality measurements and primal cut weights and value of pigs reared in 
commercial conditions (Miar et al., 2014; Khanal et al., 2019).  In addition, most studies have 
not focused on the implications of these phenotypic relationships on primal cut value.  Moreover, 
very few studies have developed equations to predict primal cut weight or value of pork 
carcasses (Liu and Stouffer, 1995; Lisiak et al., 2015).  In general, the studies in the literature 
involved a relatively small number of pigs and only used carcass measurements (as opposed to 
live animal ultrasonic measurements).  Therefore, the objectives of this research were to: 1) 
Understand the relationships between growth performance, ultrasonic and slaughter line carcass 
measurements, and meat quality measurements and primal cut weight and value and 2) Develop  
equations to predict the weight of individual and total primal cuts and estimated carcass and 
primal cut value using measurements collected on the live animal or on the carcass. 
MATERIALS AND METHODS 
The data that were used in this thesis came from a study that was carried out within the 
production system of The Maschhoff’s, LLC (Carlyle, IL) in 2015.  The objective of that study 
was to estimate genetic parameters for wean-to-finish growth performance and carcass traits in 
crossbred pigs reared under commercial conditions.  Prior to the start of the study, the experimental 
protocols were approved by the University of Illinois Institutional Animal Care and Use 
Committee (IACUC #15027). 
Population Background.  The sires used in this study came from a purebred Duroc line 
that was established by The Maschhoff’s, LLC (Carlyle, IL) and had undergone selection for 
improved growth and carcass traits for 4 to 5 generations prior to the start of this study.  
Performance testing to collect growth and ultrasonic carcass measurements for each generation 
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of purebred animals was conducted at a single grow-finish facility located near Mulkeytown, 
Illinois.  Selection of purebred replacement animals was based on an economic selection index 
that included average daily live weight gain measured over a fixed time period (approximately 
from 13 to 25 weeks of age), backfat depth, and Longissimus muscle depth and area (measured at 
the level of the 10th rib on an ultrasonic image taken at the end of the test period at approximately 
25 weeks of age). 
 Selection of Sires to Use in the Mating Program for the Current Study.  A sample of 28 
purebred Duroc sires were used in the study.  These were selected to be representative of the 
Duroc line described above such that sires represented as many families within the Duroc line as 
possible.  In addition, estimated breeding values of selected sires for days to 113.4 kg, 10th rib 
backfat, and 10th rib Longissimus muscle area represented the range in estimated breeding values 
of all Duroc sires in the line at the time of the mating program for each of these traits.  Selected 
sires were the progeny of 28 different sires and 19 different maternal grandsires.  Mean estimated 
breeding values of selected sires (relative to the entire Duroc population mean estimated 
breeding value of zero) for days to 113.4 kg, 10th rib backfat, and 10th rib Longissimus muscle 
area were -5.95 ± 3.26 d (range from -12.30 to +0.54 d), -0.56 ± 1.03 mm (range from -2.21 to 
+2.24 mm), and +4.43 ± 1.49 cm2 (range from +1.50 to +7.19 cm2), respectively. 
Breeding Program.  Multiparous sows from two different Landrace × Large White dam lines 
were used in the breeding program and these were kept at three different sow farms which were 
located in Indiana.  The sows at each of the sow farms that were to be inseminated in the same 
week of the breeding program were considered a contemporary breeding group.  A total of six 
contemporary breeding groups were used with each group containing sows at each of the three 
sow farms.  Within each contemporary breeding group, sows were randomly allotted to be 
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inseminated by one of the 28 sires with three or four females being inseminated by each sire at 
each of the three sow farms.  Over the entire breeding program, the average number of sows 
inseminated by each sire was 66 with a range from 56 to 71 sows per sire.  Sows to be bred were 
administered 2 mL of OvuGel (JBS United Animal Health, Sheridan, IN) intravaginally 96 h 
after weaning.  Twenty-four hours after the administration of OvuGel, sows were inseminated 
using artificial insemination, with each sow being inseminated once with semen from a single 
sire.  Housing and management of sows during gestation, farrowing, and lactation was similar at 
the three sow farms and was in accordance with the standard operating procedures of The 
Maschhoff’s. 
Piglet Identification and Management.  All piglets were given an ear tag at birth with a 
unique identification number to maintain individual animal identification from farrowing to the 
end of test and were weighed within 24 h of birth (IBWT).  After weaning at 18.6 ± 1.09 d of 
age, the progeny from the breeding program at the three sow farms were transported to and, 
subsequently, reared in a single wean-to-finish facility located near Beardstown, IL. 
Allotment of Progeny from Breeding Program to Performance Trial.  Animals used in 
the performance trial were the progeny of the 28 Duroc sires and 1038 Landrace × Large White 
crossbred sows from the breeding program described above.  Allotments for the performance 
trial took place over a six-week period using six weaning groups.  On the day of weaning, pigs 
were transported from the sow farm to Beardstown Technology Center (Beardstown, IL) and 
placed into holding pens, with an equal number of pigs per pen, where they were held overnight 
with access to feed and water.  On the morning of the following day, pigs were weighed 
individually and sorted into groups of the same sex (barrows or gilts) and of the same sire.  The 
final pens of pigs were formed by selecting 20 pigs of the same sire and sex.  The mean weight 
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and coefficient of variation in weight was calculated for each sire using all pigs available from a 
single sire on the day of allotment.  Pens of pigs of the progeny of the same sire and of the same 
sex were created such that the mean and variation in weight were similar and representative of 
the population of pigs of the sire and sex available for allotment.  This process was repeated for 
all sires. 
Pens of pigs of the same sex allotted on the same day were considered a block, and each 
block contained 28 pens (one per sire).  All pens within a block had a similar mean age (± 0.5 d) 
and had a similar number of pigs (± 3 pigs) from each of the sow farms and each of the dam 
lines.  Two blocks (one barrow and one gilt) were allotted each week.  Blocks allotted within the 
same week were considered a contemporary group and were reared in the same area of the barn.  
Across the entire allotment period, a total of 12 pens per sire (six of each sex) were allotted 
resulting in 336 pens and 6,720 pigs on the study.  The trial started at weaning (18.6 ± 1.09 d of 
age; 5.4 ± 0.32 kg) and ended at a fixed pen mean weight of 138.1 ± 2.50 kg, when entire pens of 
pigs were removed from the study. 
Diets and Housing.  Pigs were housed in four rooms of a tunnel-ventilated wean-to-
finish building, which had fully slatted concrete flooring.  Pen divisions consisted of gates with 
horizontal steel rods, and secondary gates were located in the back of each pen to adjust the size 
of the pen to maintain the same floor area per pig in the event of pig removals due to morbidity 
or mortality.  Pen dimensions were 3.05 m × 4.48 m, providing 0.68 m2 of floor area per pig.  
Each pen contained one 2-hole wet-dry box feeder (providing 3.56 cm feeder space per pig), and 
one cup drinker.  Ambient temperature was maintained using thermostatically controlled heaters 
and fan ventilation.  The thermostat was set at 27° C for the first week post-weaning and then 
was lowered by 0.3° C daily until reaching a thermostat set point of 22.8° C.  After remaining at 
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22.8° C for six days, the thermostat set point was lowered by 0.3° C daily until reaching a 
thermostat set point of 18.3° C and was held at this temperature for the remainder of the study.  
Supplemental heat was provided to each pen for the first two weeks post-weaning via two 
infrared heat lamps suspended approximately 75 cm above a rubber floor mat.  During the 
nursery phase, pigs of both sexes were fed the same standard commercial nursery diets (2 
phases).  During the grow-finish period, pigs were fed sex-specific standard commercial diets (7 
phases).  All diets were formulated to meet or exceed the nutrient requirements recommended by 
NRC (2012), and pigs had ad libitum access to feed and water throughout the test period. 
Live Animal Measurements.  Individual pig weights were collected at the start of the test 
period (individual weaning weight: IWWT) and at 14, 18, and 22 weeks post-weaning (IWT14, 
IWT18, and IWT22, respectively).  Pen weights were collected at the start of the test period 
(pen weaning weight: PWWT) and every 2 weeks throughout the study, and the amount of feed 
delivered to the feeder and feed remaining in the feeder was measured each time live weights 
were measured.  Backfat depth and Longissimus muscle depth and area at the 10th rib were 
measured on the right side of the pig on a transverse ultrasound image (Exago, Universal 
Imaging, Bedford Hills, NY) taken at 14, 18, and 22 weeks post-weaning. 
Entire pens of pigs were taken off test at a targeted pen mean live weight of 138.6 kg 
(actual weight was 138.1 ± 2.50 kg).  At the end of test, pen (pen final weight: PFWT) and 
individual pig (individual pig final weight: IFWT) weights were measured.  Additionally, 
backfat depth (IUBF) and Longissimus muscle depth (IULMD) and area (IULMA) were 
measured on each pig using the same procedure as described above. 
After the performance test was complete, on-farm measurements were used to calculate 
nursery, grow-finish, and overall growth performance measures for each pen of pigs.  For the 
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nursery period [from the day of start of test to the day that pen live weights were measured 
during week 10 of test (pen weight at week 10: PW10)], the following growth performance 
measurements were calculated: 1) average daily gain (NADG) = (PW10 – PWWT) / number of 
days in the nursery period, 2) average daily feed intake (NADFI) = total weight of feed 
consumed per pig in the nursery period / number of days in the nursery period, and 3) gain:feed 
(NGF) = NADG / NADFI.  For the growing-finishing period (from the day pen weights were 
taken during week 10 of test to the day of end of test), the following growth performance 
measurements were calculated: 1) average daily gain (FADG) = (PFWT – PW10) / number of 
days in the grow-finish period, 2) average daily feed intake (FADFI) = total weight of feed 
consumed per pig in the grow-finish period / number of days in the grow-finish period, and 3) 
gain:feed (FGF) = FADG / FADFI.  For the overall period (from the day of start of test to the 
day of end of test), the following growth performance measurements were calculated: 1) average 
daily gain (OADG) = (PFWT – PWWT) / number of days in the overall period, 2) average daily 
feed intake (OADFI) = total weight of feed consumed per pig in the overall period / number of 
days in the overall period, and 3) gain:feed (OGF) = OADG / OADFI.  Individual pig ultrasonic 
measurements taken at the end of test were used to calculate pen means for ultrasonic backfat 
(PUBF), ultrasonic Longissimus muscle depth (PULMD), and ultrasonic Longissimus muscle 
area (PULMA). 
Harvest Procedure and Standard Carcass Measurements.  After collection of final 
weights and removal from test, five pigs from each pen [representative of the range in weights 
within the pen (1 pig at the mean and 1 pig from 0.5 and 1.5 above and below the mean) and 
from at least 3 litters] were selected for harvest at a Cargill packing plant in Ottumwa, IA, and 
the remaining pigs in the pen were selected for harvest at a Cargill packing plant in Beardstown, 
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IL.  Within 24 h of removal from test, both groups of pigs were transported to the packing plants 
for harvest and collection of carcass measurements.  Individual hot carcass weight (IHCW) and 
Fat-O-Meater measurements [backfat depth (IFOMBF) and loin muscle depth at the 10th rib 
(IFOMLD) used to estimate predicted carcass fat-free lean percentage (IPCL)] were measured 
on each carcass on the slaughter line.  Individual carcass dressing percentage (IDP) was 
calculated as follows: IHCW / IFWT × 100.   
Monetary premiums or discounts were assessed for each carcass based on a standard 
carcass pricing grid (presented in Table 2.1) that contained categorizations based on carcass 
weight and predicted carcass fat-free lean percentage.  Individual carcass value per 100 kg of 
carcass weight (ICVAL) for each carcass was calculated as follows:  
ICVAL = premium or discount ($/100 kg) based off hot carcass weight (IHCW) + 
premium or discount ($/100 kg) based off predicted carcass fat-free lean percentage 
(IPCL) + carcass base price ($/100 kg). 
The carcass base price used for all calculations was $136/100 kg carcass weight; this was the 
average price over the three years immediately prior to the current analysis being conducted 
(2017 to 2019) published in the USDA National Daily Direct Hog Report (USDA. USDA 
Market News, 2020) and acquired using the USDA mandatory data mart application (USDA. 
LMR Data Mart, 2020).  Individual pig carcass measurements were used to calculate pen means 
for hot carcass weight (PHCW), Fat-O-Meater backfat (PFOMBF) and loin muscle depth 
(PFOMLD), dressing percentage (PDP), predicted carcass fat-free lean percentage (PPCL), and 
carcass value (PCVAL). 
Detailed Carcass and Meat Quality Measurements.  After the collection of the standard 
carcass measurements at the packing plant in Ottumwa, IA, four of the five carcasses harvested 
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from pigs in each trial pen were selected at random for detailed carcass and meat quality 
evaluation.  Carcasses were blast-chilled for approximately 90 min.  After exiting blast-chill, 
carcasses with minimal harvest trim were identified and placed in a temperature equilibration 
cooler for approximately 1 h.  Carcass length (CLEN) was measured from the anterior edge of 
the symphysis pubis bone to the anterior edge of the first rib.  Following the collection of carcass 
length, carcasses were fabricated at approximately 22 h postmortem into the following primal 
cuts according to standard Cargill pork carcass fabrication specifications, and the weight of each 
primal cut was measured.  Primal cuts included skin-on belly (BLY), bone-in Boston Butt (BB; 
trimmed to 0.64 cm external fat), bone-in loin (LOIN; trimmed to 0.64 cm external fat), skin-on, 
bone-in ham (HAM), skin-on picnic shoulder (PIC), and spareribs (RIB). 
 After the weights of the primal cuts were recorded, the loins from the right side of each 
carcass were further fabricated into boneless Canadian back loins (NAMP #414).  The following 
meat quality measurements were measured on ventral surface of each boneless loin: 1) 
Longissimus muscle ultimate pH (PHU), 2) Longissimus muscle Minolta L*, a*, and b* 
(LOINL, LOINA, and LOINB) measured at the midpoint of the ventral surface, 3) subjective 
color (SCOL; 5 categories; <2.0, 2.5, 3.0, 3.5, and 4.0), marbling (SMARB; 6 categories; <1.5, 
2.0, 2.5, 3.0, 3.5, and >4.0), and firmness scores (SFIRM; 5 categories, 1 to 5) assessed across 
the entire ventral surface by Wilson et al. (2017). 
 Following the collection of the meat quality measurements at the plant, each boneless 
loin was vacuum packaged and transported to the University of Illinois Meat Science Laboratory 
for further evaluation.  Loins were aged for 14-d postmortem under refrigeration at 4 °C as 
whole boneless loins.  At the end of the aging period, loins were removed from packaging and 
mechanically sliced into 2.54 cm thick chops.  The first and third 2.54 cm chops immediately 
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posterior to the spinalis dorsi were used for proximate analysis and slice shear force, 
respectively. 
Proximate analysis was conducted by Wilson et al. (2017).  Chops were prepared for 
proximate analysis by trimming chops free of all subcutaneous fat and secondary muscles before 
homogenizing in a Cuisinart (East Windsor, NJ) food processor.  Moisture and extractable lipid 
content (IMF) were then quantified using a chloroform methanol solvent as described by 
Novakofski et al. (1989).  Briefly, 10 g samples were weighed in duplicate and placed in a drying 
oven at 110 °C for at least 24 hours.  After drying, samples were weighed to quantify moisture 
loss and lipid was extracted using an azeotrophic mixture of chloroform and methanol (87:13).  
Samples were placed back in the drying oven for at least an additional 24 h before collecting a 
lipid extracted weight.  Percent moisture and extractable lipid were determined by the difference 
between initial weight, dried weight, and extracted weight. 
Slice shear force was conducted using the method described by Wilson et al. (2017).  
Chops were prepared for slice shear force by trimming chops free of all subcutaneous fat and 
secondary muscles.  Chops were cooked on a Farberware Open Hearth grill (model 455N, Walter 
Kidde, Bronx, NY, USA) on one side to an internal temperature of 31.5 °C, turned over, and then 
cooked until they reached an internal temperature of 63 °C.  Internal temperature was monitored 
using copper-constantan thermocouples (Type T, Omega Engineering, Stamford, CT, USA) 
placed in the geometrical center of each chop and connected to a digital scanning thermometer 
(model 92000-00, Barnat Co, Barrington, IL, USA).  
Immediately after reaching 63 °C internal temperature, chops were removed from the 
grill and were cooled to approximately 22 °C before slicing.  A 1-cm thick, 5-cm long slice was 
cut from each chop parallel to the muscle fibers.  The slice was acquired by first cutting across 
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the width of the chop on the dorsal end and then making a cut approximately 2-cm from the 
lateral end of the chop.  Using a sample sizer, a cut was made across the Longissimus muscle 
parallel to the length of first cut 5-cm from the lateral end.  Using a knife that contained two 
parallel blades spaced 1-cm apart, two parallel cuts were made simultaneously through the length 
of the 5-cm long slice at a 45° angle to the long axis of the Longissimus and parallel with the 
muscle fibers (Shackelford et al., 2004).  Each sample was sliced using a flat blunt-end blade 
attached to a Texture Analyzer TA.HD Plus (Texture Technologies Corp., Scarsdale, NY, USA / 
Stable Microsystems, Godalming, UK) with a blade speed of 8.33 mm/sec and a load cell 
capacity of 100 kg.  A single slice shear force (SSF) value was reported for each chop. 
Estimation of Primal Cut Value.  Pricing data for each primal cut were obtained from 
USDA daily pork cutout and primal values (USDA. USDA Market News, 2020) from 2017 to 
2019 using the USDA mandatory data mart application (USDA. LMR Data Mart, 2020).  Within 
this application, prices are reported as $ per 100 lb. of product; thus, prices for each primal cut 
were converted to $ per 100 kg of product.  To account for fluctuations in primal cut prices over 
time, three different pricing scenarios were used (Table 2.2) and were defined as follows: 1) 
Average primal cut prices per 100 kg of product from 2017 to 2019 (IPVAL; Table 2.2), 2) Best 
case scenario, using primal cut prices per 100 kg of product from the best year (2017) based on 
overall carcass cutout value (IBPVAL; Table 2.2), and 3) Worst case scenario, using primal cut 
prices per 100 kg of product from the worst year (2018) based on overall carcass cutout value 
(IWPVAL; Table 2.2).  These variables (IPVAL, IBPVAL, and IWPVAL) were calculated 
using the corresponding primal cut values per 100 kg from each scenario and the following 
formulas:  
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1) IPVAL = [(BLY/100) × average $/100 kg for BLY from 2017 to 2019) + (BB/100 × 
average $/100 kg for BB from year 2017 to 2019) + (HAM/100 × average $/100 kg for 
HAM from 2017 to 2019) + (LOIN/100 × average $/100 kg for LOIN from 2017 to 
2019) + (PIC/100 × average $/100 kg for PIC from 2017 to 2019) + (RIB/100 × average 
$/100 kg for RIB from 2017 to 2019)].   
2) IBPVAL = [(BLY/100) × average $/100 kg for BLY in 2017) + (BB/100 × average $/100 
kg for BB in 2017) + (HAM/100 × average $/100 kg for HAM in 2017) + (LOIN/100 × 
average $/100 kg for LOIN in 2017) + (PIC/100 × average $/100 kg for PIC in 2017) + 
(RIB/100 × average $/100 kg for RIB in 2017)].   
3) IWPVAL = [(BLY/100) × average $/100 kg for BLY in 2018) + (BB/100 × average 
$/100 kg for BB in 2018) + (HAM/100 × average $/100 kg for HAM in 2018) + 
(LOIN/100 × average $/100 kg for LOIN in 2018) + (PIC/100 × average $/100 kg for 
PIC in 2018) + (RIB/100 × average $/100 kg for RIB in 2018)].   
Individual detailed carcass measurements collected on the subsample of pigs from each pen were 
used to estimate pen means for primal belly weight (PBLY), Boston butt weight (PBB), ham 
weight (PHAM), loin weight (PLOIN), picnic shoulder weight (PPIC), spareribs weight 
(PRIB), and primal value per 100 kg for each pricing scenario (PPVAL, PBPVAL, and 
PWPVAL). 
Data Organization.  Three data sets were analyzed.  Data Sets 1 and 3 included data on 
growth and live-animal ultrasound and slaughter-line carcass measurements for individual 
animals (n = 6,645) and pens (n = 334), respectively.  Data Set 2 included the detailed carcass 
and meat quality measurements on the subsample of individual animals (n = 1,265). 
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Statistical Analysis.  For measurements in Data Sets 1 and 2 the pig was the experimental 
unit and for measurements in Data Set 3 the pen was the experimental unit.  Descriptive statistics 
for all measurements were calculated using the base package (R Core Team, 2020) of the 
statistical analysis software R (R Foundation for Statistical Computing, Vienna, Austria).  
Correlations between all measurements were estimated using the rcorr function of the Hmisc 
package (Harrel et al., 2020) of R.  Multivariate regression analyses were conducted using the 
leaps package (Lumley and Miller, 2020) of R.  Equations were developed with the primal cut 
weights (BLY, BB, HAM, LOIN, PIC, and RIB) and carcass and primal cut value (ICVAL and 
IPVAL) as the dependent variables using live animal measurements (IFWT, IUBF, IULMD, and 
IULMA) and carcass measurements (IHCW, IDP, IFOMBF, IFOMLD, and CLEN) as 
independent variables in separate analyses.  Adjustments to the intercept for the effect of sex was 
included in equations based on live animal measurements.  Multicollinearity between 
independent variables was assessed by calculating variance inflation factors (VIF) for each of 
the variables in the selected equations.  Variables that possessed a VIF > 10 were removed from 
the model.  
 Best subset variable selection was utilized to determine the optimal multiple linear 
regression equation for each dependent variable, which tested all possible combinations of 
independent variables and selected the best equation using Akaike’s Information Criterion 
(AIC).  The equation giving minimum AIC value was chosen as the best model.  Adjusted 
Coefficient of Determination (Adjusted R2) and Residual Standard Deviation (RSD) were also 
reported for each equation.  Quadratic and cubic terms were included in the selected multiple 
linear regression equations, and higher order terms that were nonsignificant (P > 0.05) were 
removed using the likelihood ratio test.  For each dependent variable, the final polynomial 
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regression equation was reported if the AIC value was more favorable than the multiple linear 
regression equation. 
RESULTS AND DISCUSSION 
 Descriptive Statistics.  Descriptive statistics for the growth and carcass data collected on 
pens of pigs is presented in Table 2.3.  Individual pig measurements were used to calculate pen 
means for carcass data, and these measurements will be discussed when the individual pig data is 
presented (Table 2.4).  In the current study, average daily gain (ADG), average daily feed intake 
(ADFI), and gain:feed ratio (G:F) measured over the wean-to-finish period averaged 0.73 ± 0.04 
kg, 1.86 ± 0.09 kg, and 0.390 ± 0.013 kg:kg, respectively (Table 2.3).  Comparison of these 
results with those of previous studies summarized in the literature review is problematic because 
growth performance is greatly affected by the weight range over which it is measured.  All of the 
studies previously discussed were carried out over the growing-finishing period and not the 
wean-to-finish period as in the current study.  However, most previous studies have reported 
poorer growth performance than in the current study.  For example, Cisneros et al. (1996a) 
measured growth performance between 60.7 and 128.7 kg live weight reported ADG of 0.84 kg, 
ADFI of 3.14 kg, and G:F of 0.272 kg:kg.  The growth performance of the pigs in the current 
study was superior to that in the study of Cisneros et al. (1996a).  A major reason for the 
improved performance levels in the current study is likely to be the genetic improvement in 
growth performance that has occurred in the intervening period between these 2 studies.  There is 
limited published data on typical growth performance under current commercial conditions.  The 
Pig Improvement Company’s Wean to Finish Guidelines (Hendersonville, TN; 2019) suggested 
average commercial performance levels for wean-to-finish production were 0.78 kg for ADG 
and 0.422 kg:kg for G:F.  This suggests that the growth performance levels of the pigs in the 
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current study were representative of those currently achieved in commercial practice in the US 
(Table 2.3). 
Descriptive statistics for individual pig measurements are presented in Table 2.4.  
Average hot carcass weight (103.1 ± 11.3 kg; range of 68.5 to 137.4 kg) was higher than that 
reported in most previous research (Cisneros et al., 1996a; Correa et al., 2006; Harsh et al., 
2017).  However, it should be pointed out that in the current study pigs were taken off test and 
sent for slaughter at a fixed mean pen live weight.  Thus, the variation in hot carcass weight was 
probably greater in the current study than would be expected in commercial situations in which 
pigs are generally marketed in smaller groups from within each pen.  This practice is aimed at 
reducing variation in slaughter and, therefore, carcass weight.  Nevertheless, slaughter weights in 
the US have generally increased over time and currently average 95.6 kg (National Pork Board, 
2017).  As a result of heavier carcass weights, primal cut weights in the current study were also 
relatively high compared to studies summarized in the literature review (Cisneros et al., 1996a; 
Carr et al., 2009; Boler et al., 2014; Lowe et al., 2014; Lowell et al., 2019).  Carcass fat-free lean 
percentage was within the range of values reported in several studies (49.7 to 55.5%; Uttaro et. 
al, 1993; Pommier et al., 1998; Miller et al. 2000; Morales et al. 2011) but was slightly lower 
than values reported in more recent studies (Overholt et al., 2016; Arkfeld et al., 2017) and the 
industry average (55.2%; National Pork Board, 2017).  In addition, Fat-O-Meater backfat was 
greater than reported in recent studies by Overholt et al. (2016) and Arkfeld et al. (2017) (1.5 
cm) and the industry average reported by National Pork Board (2017) of 1.7 cm. 
 Correlation Analysis.  Correlations between growth performance and carcass 
measurements based on pen data are presented in Table 2.5.  As expected, correlations between 
ADG and ADFI within each growth period were strong and positive, ranging from 0.79 to 0.90 
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supporting the concept that pigs that consume more feed tend to grow faster.  Other publications 
have also reported positive correlations between these two variables; however, these were 
generally weaker than found in the current study (r = 0.32 to 0.73; de Vries et al., 1994; Johnson 
et al., 1999; Hoque et al., 2008; Do et al., 2013).  In addition, in the current study, correlations of 
ADG with G:F were positive, ranging from 0.27 to 0.43 and those between ADFI and G:F were 
negative ranging from –0.38 to –0.07 (Table 2.5), which is also in general agreement with 
correlations between these variables reported in the literature.  These associations are to be 
expected; pigs that grow faster and consume less feed are more efficient converters of feed into 
body weight gain.  Published estimates of the correlation between ADG and FCR ranged 
between –0.25 and -0.99 (Ducos et al., 1993; Johnson et al., 1999; Hoque et al., 2007; Do et al., 
2013; Dube et al., 2013), and the correlation between ADFI and FCR ranged between 0.57 and 
0.65 (Hoque et al., 2007; Do et al., 2013).   
 Correlations between nursery growth performance measurements and grow-finish and 
overall growth performance measurements were relatively weak (r ≤ 0.29; Table 2.5).  This 
suggests that growth performance in the nursery period is not a good predictor of subsequent 
grow-finish or overall growth performance.  In contrast, grow-finish growth performance 
measurements were strongly and positively correlated with overall growth performance 
measurements (r = 0.67, 0.89, 0.90 for ADG, ADFI, and G:F in the two growth periods, 
respectively)  These stronger relationships were expected given that the grow-finish period 
constituted more of the overall growth period than did the nursery period. 
 As expected, correlations between nursery growth measurements and Fat-O-Meater 
measurements were relatively weak (Table 2.5), which suggests that growth performance 
measurements taken early in the growth period are poor indicators of carcass characteristics.  In 
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addition, correlations between growth performance measurements in all periods and hot carcass 
weight, carcass dressing percentage, and loin muscle depth were also relatively weak.  Both 
grow-finish and overall ADG and ADFI were positively correlated with backfat depth (r = 0.35 
to 0.59) and negatively correlated with carcass fat-free lean percentage (r = -0.36 to –0.57; Table 
2.5).  These correlations are generally within the range found in other studies.  For example, 
Johnson et al. (1999) and Do et al. (2013) reported correlations between ADG and backfat depth 
of 0.46 and 0.59, respectively, and between ADFI and backfat depth of 0.64 and 0.34, 
respectively. In addition, de Vries et al. (1994) found correlations of ADG and ADFI with 
carcass fat-free lean percentage of -0.36 and -0.42, respectively.  Grow-finish and overall G:F 
were negatively correlated with backfat depth (r = -0.13 and –0.18, respectively) but positively 
correlated with carcass fat-free lean percentage (r = 0.17 and 0.18, respectively; Table 2.5).  
However, these correlations were relatively weak.  Similarly, Ducos et al. (1993), Johnson et al. 
(1999), and Do et al. (2013) reported weak correlations between feed conversion ratio and 
backfat depth.  These results suggest that pigs with high growth rates consumed more feed and 
produced carcasses with more backfat and a lower percentage of fat-free lean.  In contrast, pigs 
that had higher G:F tended to produce leaner carcasses (i.e. lower backfat depth and higher 
carcass fat-free lean percentage).  In general, these results were expected given that higher 
energy consumption during the grow-finish period tends to be positively associated with 
increased carcass fat deposition.  Fat-O-Meater backfat depth and loin muscle depth were 
strongly correlated with predicted percent fat-free lean of the carcass (r = -0.89 and 0.56, 
respectively; Table 2.5).  This was to be expected as these measurements were used in the 
equation to predict carcass fat-free lean percentage. 
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 Correlations between growth performance measurements and primal cut weights and 
carcass value and total primal cut value based on pen data are presented in Table 2.6.  
Correlation coefficients between all growth performance measures in all growth periods and 
individual and total primal cut weights were generally weak (r ≤ 0.22).  In addition, the direction 
of the correlation coefficients between growth performance and cut weights were inconsistent 
with respect to both growth measurement and growth period, with evidence of both positive and 
negative correlations within the same primal cut (Table 2.6).  Correlations reported in the 
literature between growth performance measurements and primal cut weights were generally 
positive and of at least moderate strength.  The weaker correlations between growth performance 
measurements and primal cut weights reported in the current study could be a result of the pig 
sampling procedure used to collect primal cut weights.  Primal cut weights for each pen were 
calculated from a subsample of 4 pigs per pen, while estimates of growth performance were 
calculated using the entire pen.  As a result, sampling error is likely to be greater using this 
approach compared to estimates of primal cut weights based on every pig in the pen.  Published 
reports have generally been in general agreement in relation to the direction of phenotypic 
correlations between growth rate and primal cut weights.  In a study to estimate genetic 
parameters for pork carcass components, van Wijk et al. (2005) also reported weak phenotypic 
correlations between ADG and the weight of the ham and loin.  However, Khanal et al. (2019) 
reported strong and positive phenotypic correlations between carcass average daily gain and 
primal cut weights (r = 0.73 to 0.85).  The stronger positive association between these 
measurements reported by Khanal et al. (2019) is likely due to the use of carcass average daily 
gain as opposed to the use of live weight average daily gain in this and other studies.  No 
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published reports were found on the relationships between ADFI and G:F and primal cut 
weights. 
 Similarly, carcass value and primal cut value were generally weakly correlated with 
growth measurements (Table 2.6).  Correlations between growth performance measurements in 
all periods and each of the primal cut value pricing scenarios did not differ; thus, only 
correlations with the primal cut pricing scenario based on average primal cut prices from 2017 to 
2019 will be discussed.  The strongest correlations were generally between average daily feed 
intake and carcass and primal cut values.  For example, correlations between grow-finish ADFI 
and carcass and primal cut values were –0.24 and 0.34, respectively (Table 2.6).  In addition, the 
correlations between growth performance and carcass and primal cut values were in opposite 
directions (Table 2.6).  For example, the correlations between carcass and primal cut value and 
overall ADG were –0.12 and 0.19, respectively, those with overall ADFI were –0.22 and 0.29, 
respectively, and those with overall G:F ratio were 0.15 and -0.18 respectively (Table 2.6).  This 
suggests that faster growth and higher feed intake from weaning to slaughter was associated with 
a reduction in carcass value but an increase in total primal cut value.  However, for overall G:F, 
the opposite was the case, with greater feed efficiency being associated with greater carcass 
value but lower primal cut value.  Correlations between grow-finish ADG and ADFI with 
carcass fat-free lean percentage were negative and of moderate strength (r = -0.43 and -0.57; 
Table 2.5).  In general, pigs that grow faster and consume more feed also have greater carcass fat 
deposition, which tends to be associated with heavier bellies.  Thus, the negative relationship 
between ADG and ADFI and carcass value is likely due to discounts based on low carcass fat-
free lean percentage, and the positive relationship between ADG and ADFI and primal cut value 
is likely due to a heavier proportion of the belly (on average the most valuable primal cut per 100 
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kg from 2017 to 2019; Table 2.2) relative to other primal cuts.  The opposite was the case for the 
relationship between G:F and carcass and primal cut value.  For example, there was a positive 
association between grow-finish G:F and carcass fat-free lean percentage (r = 0.17; Table 2.5), 
which likely resulted in increased premiums based on carcass fat-free lean percentage and 
increased carcass value but decreased belly weight, and thus decreased primal cut value.  There 
are no reports in the literature on relationships between growth performance and carcass or 
primal cut value. 
 Correlations between individual pig live weight, ultrasonic carcass, and carcass 
measurements taken on the slaughter line and primal cut weights and carcass and primal cut 
value are presented in Table 2.7.  As expected, slaughter weight and hot carcass weight were 
both strongly correlated with individual and total primal cut weights (r = 0.74 to 0.98; Table 2.7).  
These correlations were stronger than those found in other studies.  For example, Liu and 
Stouffer et al. (1995) and Miar et al. (2014) reported correlations between hot carcass weight and 
cut weights of 0.57 and 0.62, respectively, and 0.35 and 0.67, respectively.  Backfat depth 
(measured on the live animal or the carcass) were strongly positively correlated with belly 
weight (r = 0.55 and 0.44, respectively); correlations with other primal cut and total cut weights 
were also positive but relatively weak (r ≤ 0.33; Table 2.7).  The stronger associations between 
backfat depth and belly weight can be expected, as fatter pigs tend to have heavier bellies.  
However, it must be stressed that, at least in part, the positive association between backfat depth 
and primal cut weights can be explained by increased hot carcass weight.  Heavier carcasses also 
tended to have more backfat (r = 0.46 and 0.41 for ultrasonic and carcass, respectively; values 
not reported).  Nevertheless, the correlations between belly weight and backfat depth are similar 
to those reported by Fredeen (1980), Miar et al. (2014), and Khanal et al. (2019).  In addition, 
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Miar et al. (2014) and Khanal et al. (2019) reported relatively weak correlations between backfat 
depth and other primal cut weights.  However, Liu and Stouffer (1995) actually found negative 
correlations between backfat depth and ham and loin weight (r = -0.46 and -0.42, respectively).  
It is not clear why these published correlation estimates vary in direction between studies, but it 
may be related to differences in degree of fat trimming of the cuts. 
 Longissimus muscle depth (measured on the live animal or the carcass) and area were 
also positively correlated with individual and total primal cut weights, with the correlations being 
stronger for the measurements taken on the live animal using ultrasound (Table 2.7).  In general, 
these associations were expected, as increased carcass muscling tends to result in increased yield 
of the primal cuts with the greatest lean content.  For example, studies summarized in the 
literature review showed that correlations between Longissimus muscle depth and area and 
primal cut weights were generally positive and moderate in strength.  In addition, correlations 
between Longissimus muscle measurements and the weight of the ham and loin found in the 
current study were within the range of those reported by Liu and Stouffer (r = 0.43 to 0.60; 
1995), van Wijk et al. (r = 0.20 to 0.78; 2005), Miar et al. (r = 0.12 to 0.46; 2014), and Khanal et 
al. (r = 0.42 to 0.44; 2019).  However, as with the association between backfat depth and primal 
cut weights, at least part of the positive relationship was influenced by the positive correlation 
between hot carcass weight and Longissimus muscle depth and area (r = 0.52 and 0.55, 
respectively; values not reported).   
 Correlations between carcass fat-free lean percentage and individual and total primal cut 
weights were negative, with the strongest correlation being with belly weight (r = -0.41).  
Although relatively weak, the negative correlations between carcass fat-free lean percentage and 
primal cut weights were somewhat unexpected.  In part, this negative relationship can be 
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explained by the correlation between carcass fat-free lean percentage and hot carcass weight (r = 
-0.35; value not reported), suggesting that heavier carcasses also have a lower percentage of fat-
free lean.  In addition, carcass length was positively and relatively strongly correlated with all 
individual and total primal cut weights (r = 0.54 to 0.72) which was as expected given that longer 
carcasses are also generally heavier (r = 0.70; values not reported).  Correlations between carcass 
length and individual primal cut weights found in the current study were stronger than reported 
by Fredeen (1980; r = 0.52 for belly weight) and Miar et al. (2014; r = 0.24 to 0.53 for all 
individual cut weights); however, this difference could be due, at least in part, to differences in 
carcass fabrication methodology between studies. 
 As with the correlation between growth performance measurements and primal cut values 
for each pricing scenario, correlations between carcass measurements and primal cut values were 
also similar for each pricing scenario; thus, only correlations between carcass measurements and 
the pricing scenario using average primal cut prices from 2017 to 2019 (Table 2.2) will be 
discussed.  Both end of test live weight and hot carcass weight were strongly negatively 
correlated with carcass value (r = -0.74 and –0.78, respectively) but positively correlated with 
primal cut value (r = 0.54 and 0.50, respectively).  This suggests that increased slaughter weight 
was associated with reduced carcass value but increased primal cut value.  The marketing grid 
used in the estimation of carcass value heavily discounted carcasses weighing above 105 kg.  In 
contrast, there were no financial penalties associated with increasing primal cut weight in the 
current analysis; however, discounting based on suboptimal weights of primal cuts is common 
practice among US pork processors.  With the exception of carcass fat-free lean percentage, 
correlations between live weights and carcass measurements taken on the live animal and on the 
carcass were negative for carcass value but positive for primal cut value.  Carcass fat-free lean 
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percentage was positively correlated with carcass value (r = 0.44) but negatively correlated with 
primal cut value (r = -0.53).  This suggests that factors that were associated with increased 
carcass value were associated with a reduction in primal cut value and vice versa.  Correlations 
of backfat depth with carcass and primal cut value were relatively strong (r = -0.47 and 0.65, 
respectively, for live animal measurement; r = -0.45 and 0.56, respectively, for carcass 
measurement).  Longissimus muscle depth and area were moderately negatively correlated with 
carcass value (r = -0.23 to –0.35) but weakly positively correlated with primal cut value (r = 0.02 
to 0.12).   
In general, the correlations between carcass fat-free lean percentage, backfat depth, and 
Longissimus muscle depth and area and carcass and primal cut value were as expected.  For 
example, increases in carcass fat-free lean percentage were associated with increases carcass 
value, which was due to the premiums based on increased carcass leanness.  However, increases 
in backfat depth and Longissimus muscle depth and area were associated with decreases in 
carcass value.  Each of these measurements was positively associated with hot carcass weight, 
which probably resulted in an increase in the discounts assessed on carcasses above 105 kg.  In 
addition, the correlations between backfat measurements and carcass fat-free lean percentage 
ranged from -0.84 to -0.71.  Associations between these measurements would have contributed 
to the frequency of discounts assessed based on carcass fatness and, in turn, the negative 
association between backfat depth and carcass value.  In terms of primal cut value, increased 
carcass fat-free lean percentage was associated with decreased primal cut value, which was most 
likely the result of decreases in belly weight (the most valuable primal cut from 2017 to 2019, on 
average; Table 2.2) in leaner carcasses.  Moreover, increased backfat depth was associated with 
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increased primal cut value, which, again, was likely due to the strong positive association with 
belly weight.  
Correlations between meat quality measurements and primal cut weight, carcass value, 
and primal cut value are presented in Table 2.8.  Correlations between meat quality 
measurements and individual and total primal cut weights were relatively weak, with the 
majority of correlations being ≤ 0.21 (Table 2.8).  In general, the strongest correlations between 
pork quality traits and primal cut weights were with subjective firmness (r = 0.10 to 0.21) and 
slice shear force (r = -0.20 to -0.10; Table 2.8).  However, it is likely that hot carcass weight was 
responsible, in part at least, in these associations.  For example, correlations between hot carcass 
weight and subjective firmness and slice shear force (r = 0.17 and -0.18, respectively; values not 
reported) were similar in direction and strength as those between the meat quality measurements 
and individual and total primal cut weights.  Harsh et al. (2017) also reported a positive 
association between hot carcass weight and subjective firmness (r = 0.17) and a negative 
association between hot carcass weight and slice shear force (r = 0.20).  These associations in the 
current study could, in part, be due to differences in hot carcass weight.  Nevertheless, van Wijk 
et al. (2005), Miar et al. (2014), and Khanal et al. (2019) also found weak correlations between 
subjective firmness and slice shear force and primal cut weights (r ≤ 0.20).   
In the current study, intramuscular fat percentage was positively correlated with belly 
weight (r = 0.18; Table 2.8).  As previously discussed, fatter pigs tended to have heavier bellies.  
The correlations between intramuscular fat percentage and backfat depth measurements were 
positive (r = 0.32 to 0.33; values not reported), and the correlation between intramuscular fat 
percentage and carcass fat-free lean percentage was negative (r = -0.28; values not reported).  
Thus, increases in intramuscular fat percentage were positively associated with increases in 
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carcass fatness, which probably contributed to the positive association between intramuscular fat 
percentage and belly weight.  Khanal et al. (2019) also found a positive phenotypic correlation 
between intramuscular fat percentage and belly yield (r = 0.23). 
Similar to the correlations between growth performance and carcass measurements and 
estimated primal cut values, correlations between meat quality measurements and primal cut 
value did not differ across primal cut pricing scenarios described in Table 2.2.  Thus, only 
correlations between meat quality measurements and the pricing scenario based on average 
primal cut prices from 2017 to 2019 will be discussed.  Like the correlations between meat 
quality measurements and individual and total primal cut weights, correlations between meat 
quality and carcass and primal cut value were relatively weak.  For carcass value, the strongest 
correlations were with subjective firmness (r = -0.16) and slice shear force (r = 0.18).  These 
correlations suggest that increases in subjective firmness scores are associated with decreases in 
carcass value, and increases in slice shear force are associated with increases in carcass value.  
However, as stated above, increases in carcass weight tend to be associated with increases in 
subjective firmness and decreases in slice shear force.  Thus, at least part of the negative 
association between subjective firmness scores and carcass value and the positive association 
between slice shear force and carcass value is likely to be due to increases in hot carcass weight.  
In addition, the strongest correlations for primal cut value were with subjective marbling (r = 
0.20), subjective firmness (r = 0.23), intramuscular fat percentage (r = 0.27), and slice shear 
force (r = -0.17).  This suggests that increases in subjective marbling and intramuscular fat 
percentage are associated with increases in primal value.  This was expected given the positive 
associations between measurements of carcass fatness and belly weight, which is a major 
component of primal value.  Moreover, subjective firmness and slice shear force were most 
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strongly associated with the weight of the belly, and these associations are reflected in the 
correlations between subjective firmness  and slice shear force and primal cut value.   
In summary, the results from the present study suggest that associations between growth 
performance and meat quality measurements and primal cut weights and value are relatively 
weak.  Associations between carcass measurements (taken ultrasonically or on the slaughter line) 
and primal cut weights and value were generally moderately strong.  Nonetheless, pigs that grew 
faster and consumed more feed tended to produce carcasses of lower value but with higher 
primal cut value (Figures 2.1 and 2.2).  In contrast, pigs that had greater feed efficiency tended to 
have higher carcass value but lower primal cut value (Figure 2.3).  These findings have potential 
implications for swine breeding programs.  However, further research to determine genetic 
correlations between growth performance and feed efficiency traits and primal cut yields is 
required. 
 Regression Analysis.  For prediction of primal cut weights based on live animal 
measurements, linear regression equations generally gave as good or better fit to the data as 
curvilinear relationships.  Consequently, only the linear relationships have been presented.  Liu 
and Stouffer (1995) also found that using curvilinear regression equations to predict primal cut 
weights based on hot carcass weight and ultrasonic backfat depth and Longissimus muscle 
measurements resulted in only a small improvement in R2 values compared to linear regression 
equations.  One-, two-, three-, and four-variable equations to predict individual and total primal 
cut weight using live animal measurements are presented in Table A.1.  The effect of sex was 
included in every equation as an adjustment to the intercept (estimated as the deviation of 
predicted weight or value of gilts from the predicted weight or value of barrows). 
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 For one-variable equations, slaughter weight explained substantially more variation in all 
individual cut and total cut weights than any of the other live animal measurements (Table A.1).  
This is consistent with the findings of Cisneros et al. (1996b) that slaughter weight was the 
variable that explained the most variation in total lean cut weight (sum of the weights of the 
trimmed and boneless ham, loin, and shoulder).  For two-variable equations slaughter weight was 
the first variable to be included in the equation for all cut weights.  The equation that explained 
the most variation for the weight of the picnic, belly, and ham, included slaughter weight and 
backfat depth.  For all other cut weights, two-variable equations with live weight and backfat 
depth or Longissimus muscle measurements had similar R2 and AIC values (Table A.1).  
Including either three or four variables in the equations to predict cut weights generally only 
gave small increases in the accuracy of prediction (Table A.1).  In one-variable equations that 
included only slaughter weight, adjustments due to sex effects were relatively larger for the 
weight of the picnic, loin, ham, and total primal cut weight compared to those for the weight of 
other primal cuts (Table A.1).  However, in two-, three-, and four-variable equations, 
adjustments due to sex effects varied substantially depending on additional live animal 
measurements included in the equations and/or the weight of primal cut in the analysis (Table 
A.1). 
 Equations to predict carcass and primal cut value using live animal measurements are 
summarized in Table A.2.  For one-variable equations, slaughter weight explained the most 
variation in carcass value; however, backfat depth explained the most variation in primal value.  
For equations to predict carcass value based on two or more variables, curvilinear relationships 
generally gave a better fit to the data than linear relationships.  In addition, increasing the number 
of variables in equations to predict carcass value from two to four reduced AIC values; however, 
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the increase in adjusted R2 was relatively small.  Linear regression equations were better 
predictors of primal cut value than curvilinear relationships.  The best single-variable equation to 
predict primal cut value was based on backfat depth and the best two variable equation was 
based on slaughter weight and backfat depth (Table A.2).  There was limited increase in 
accuracy of prediction of primal cut value from including three or four variables in the equation 
(Table A.2). 
 The best equations to predict cut weights and carcass and primal cut value from live 
animal measurements are summarized in Table 2.9.  These equations were selected from those 
presented in Tables A.1 and A.2 based on the minimum AIC value.  All of the equations 
included slaughter weight and backfat depth.  Equations to predict Boston butt weight and 
carcass value included only slaughter weight and backfat depth.  Equations to predict other cut 
weights and primal value also included Longissimus muscle depth and/or area (Table 2.9), which 
is similar to the findings of Cisneros et al. (1996b) for the prediction of total lean cut weight.  
The adjustment to the equations to predict cut weights for the effect of sex were greatest for belly 
weight, which was heavier for gilts than barrows (0.44 kg), and picnic weight, which was heavier 
for barrows than gilts (0.35 kg).  For total primal cut weight, the adjustment for sex  was small, 
suggesting small differences existed in predicted total primal cut weight between barrows and 
gilts.  The adjustment due to sex in estimates of primal cut value were relatively greater than for 
carcass value (Table 2.9). 
 One-, two-, three-, four-, and five-variable equations to predict individual and total primal 
cut weight using carcass measurements are presented in Table A.3.  Linear regression equations 
generally gave as good or better fit to the data as curvilinear relationships; thus, only the linear 
relationships have been presented.  For one-variable equations, hot carcass weight explained 
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substantially more variation in all individual cut and total cut weights than any of the other 
carcass measurements (Table A.3).  In general, the two-variable equations that explained the 
most variation in the weight of individual and total primal cuts included hot carcass weight and 
backfat depth.  This is consistent with findings of Cisneros et al. (1996b) that  equations 
containing slaughter weight and backfat depth explained the majority of the variation in total 
lean cut weight.  In contrast, for the weight of the spareribs, this equation included hot carcass 
weight and carcass length (Table A.3).  However, including two variables compared to one 
variable in the equations either did not change or marginally increased adjusted R2 values, but 
generally reduced AIC values (Table A.3).  Three-variable equations generally did not increase 
the amount of variation explained in the weight of primal cuts over two-variable equations; 
however, for the weight of the belly and ham and total primal cut weight, AIC was reduced by 
including dressing percentage, carcass length, and dressing percentage, respectively, in equations 
that included hot carcass weight and backfat depth.  Inclusion of four or five variables in 
equations to predict primal cut weights had little impact on either adjusted R2 and AIC values 
compared to the three variable equations.  
 Equations to predict carcass and primal cut value using carcass measurements are 
summarized in Table A.4.  For one-variable equations, hot carcass weight explained the most 
variation in carcass value; however, backfat depth explained the most variation in primal value.  
For equations to predict carcass value based on two or more variables, curvilinear relationships 
generally gave a better fit to the data than linear relationships.  In addition, increasing the number 
of variables in equations to predict carcass value from two to five reduced AIC values 
substantially and increased adjusted R2 by 0.02 to 0.03 for each additional variable added (Table 
A.4).  However, including six or seven variables did not increase the accuracy of the prediction 
69 
of carcass value (Table A.4).  Linear regression equations were better predictors of primal cut 
value than curvilinear relationships.  The best single-variable equation to predict primal cut value 
was based on backfat depth and the best two variable equation was based on backfat depth and 
carcass length (Table A.4).  Including more than two variables in equations to predict primal cut 
value generally resulted in a limited increase in adjusted R2 (0.01 to 0.03) but decreased AIC 
value (Table A.4). 
 The best equations to predict cut weights and carcass and primal cut value using carcass 
measurements are summarized in Table 2.10.  These equations were selected from those 
presented in Tables A.3 and A.4 based on minimum AIC values.  All of these equations included 
hot carcass weight and backfat depth, which is similar to the findings of Lisiak et al. (2015) for 
equations to predict the weight of the shoulder, loin, belly, and ham.  The equation to predict 
Boston butt weight only included these two variables (Table 2.10).  However, equations to 
predict belly, loin, and spareribs weight included all five carcass measurements (Table 2.10).  In 
addition to hot carcass weight and backfat depth, the equation to predict ham weight included 
dressing percentage and carcass length, that to predict picnic weight included loin muscle depth 
and carcass length, and that to predict total primal cut weight included dressing percentage and 
loin muscle depth (Table 2.10).  The best equation to predict primal cut value included all 
possible carcass measurements (Table 2.10). 
 In the current study, the results of the regression analysis suggest that one- or two-
variable equations based on carcass weight and backfat depth and/or Longissimus muscle 
measurements can accurately predict individual and total primal cut weights and primal cut 
value.  However, it must be stressed that due to the lack of a test dataset from pigs that were not 
of the same population as those in the current study, no cross-validation of the linear regression 
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equations presented was performed.  Obviously, before the linear regression equations developed 
in the present study can be advocated for use by packers or producers, the accuracy of these 
equations for predicting the primal cut weights and value should be tested on pigs from different 
populations.  Alternatively, adoption by packers of payment schemes based on primal cut 
weights or value would require the collection of these measurements in the slaughter plant.  As 
extra resources (i.e. labor or advanced ultrasonic technology) are required to measure the weight 
of primal cuts on a large scale, some packers may find the use of linear regression equations a 




















Table 2.1. Premium or discount ($/100 kg) by hot carcass weight (kg) and predicted carcass 
fat-free lean percentage (%) brackets used in the calculation of carcass value.1,2 
IHCW bracket 
Premium or discount, 
$/100 kg   IPCL bracket 
Premium or discount, 
$/100 kg 
0 to 63.4 -48.4   0 to 37 -41.8 
63.5 to 66.9 -33.0   37.1 to 39 -35.2 
67 to 70.4 -26.4   39.1 to 41 -28.6 
70.5 to 73.9 -19.8   41.1 to 43 -22.0 
74.0 to 77.4 -11.0   43.1 to 45 -15.4 
77.5 to 80.9 -6.6   45.1 to 47 -11.0 
81 to 84.4 0.0   47.1 to 49 -6.6 
84.5 to 87.9 0.0   49.1 to 51 -2.2 
88 to 91.4 0.0   51.1 to 53 0.0 
91.5 to 94.9 0.0   53.1 to 55 3.3 
95 to 98.4 0.0   55.1 to 57 6.6 
98.5 to 101.9 0.0   57.1 to 59 9.9 
102 to 105.4 0.0   59.1 and up 13.2 
105.5 to 108.9 -4.4       
109 to 112.4 -11.0       
112.5 to 115.9 -22.0       
116 and up -33.0       
1IHCW = individual pig hot carcass weight, kg; IPCL = individual pig predicted carcass fat-
free lean percentage, % 
2Carcass value per 100 kg = premium or discount based off IHCW + premium or discount 
based off IPCL + carcass base price per 100 kg  
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Table 2.2. Primal cut values ($/100 kg) reported by USDA Agricultural Marketing Service 
(2020) and used in the calculation of average primal cut value, and best and worst year primal 
cut values. 
Primal cut 
3 year avg. value, 2017 
to 2019 
Best year value, 
2017 
Worst year value, 
2018 
Boston 199.83 201.64 204.56 
Picnic 118.84 128.71 109.80 
Loin 165.53 176.63 162.25 
Ham 136.42 142.78 122.85 
Belly 279.95 310.70 261.76 
Spareribs 274.89 274.19 277.31 
Overall carcass cutout 173.40 184.98 165.55 
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Table 2.3. Descriptive statistics for live animal and carcass measures and primal cut weights measures for pens of pigs (Data Set 3). 
Variable Abbreviation n Mean SD Minimum Maximum 
Live animal measurements             
Live weight, kg             
Start of test (weaning) PWWT 334 5.35 0.32 4.56 6.78 
Week 10 PWT10 334 42.2 2.7 34.4 51.2 
End of test (marketing) PFWT 331 138.2 2.5 131.2 146.6 
Ultrasonic carcass measurements1             
Backfat depth, cm PUBF 331 2.36 0.30 1.61 3.20 
Longissimus muscle depth, cm PULMD 331 6.03 0.19 5.52 6.65 
Longissimus muscle area, cm2 PULMA 331 50.38 2.54 43.43 57.23 
Growth performance2             
Average daily gain, kg             
Nursery NADG 334 0.51 0.04 0.40 0.65 
Grow-finish FADG 331 0.88 0.07 0.71 1.06 
Overall OADG 331 0.73 0.04 0.61 0.82 
Average daily feed intake, kg             
Nursery NADFI 334 0.89 0.07 0.72 1.13 
Grow-finish FADFI 331 2.55 0.18 2.09 3.04 
Overall OADFI 331 1.86 0.09 1.58 2.12 
Gain-to-feed ratio, kg:kg             
Nursery NGF 334 0.574 0.021 0.495 0.650 
Grow-finish FGF 331 0.344 0.014 0.303 0.397 
Overall OGF 331 0.390 0.013 0.350 0.450 
              
Carcass measurements (taken on the slaughter line)             
Hot carcass weight, kg PHCW 331 103.1 2.1 97.4 111.3 
Dressing percentage, % PDP 331 75.2 0.7 73.2 77.1 
Predicted fat-free lean content, % PPCL 331 52.3 1.0 49.4 55.3 
Fat-O-Meater backfat depth, cm PFOMBF 331 2.26 0.24 1.62 3.01 
Fat-O-Meater loin muscle depth, cm PFOMLD 331 6.68 0.26 6.03 7.35 
              
Primal cut weights, kg3             
Belly PBLY 331 18.32 1.25 14.07 21.53 
Boston butt PBB 331 9.51 0.53 7.87 11.62 
Loin PLOIN 331 23.08 1.01 20.08 27.06 
Ham PHAM 331 25.23 1.06 21.83 28.08 
Picnic PPIC 331 11.58 0.58 9.33 13.29 
Spareribs PRIB 331 5.01 0.30 3.86 6.16 
Total primal cut weight4 PPRIMAL 331 92.76 3.52 79.87 101.86 
       
Carcass value, $/100 kg of carcass weight PCVAL 331 126.3 3.48 116.2 137.5 
Primal cut value, $/100 kg of primal cut weight PPVAL 331 183.7 1.35 180.0 187.3 
Best yr primal cut value, $/100 kg of primal cut weight PBPVAL 331 195.6 1.53 191.6 199.7 
Worst yr primal cut value, $/100 kg of primal cut weight PWPVAL 331 175.1 1.28 171.5 178.5 
1Ultrasonic measurements were taken at the end of test (marketing) at the level of the 10th rib 
2Nursery period = start of test (weaning) to week 10; Grow-finish period = week 10 to end of test (marketing); Overall = start of test 
(weaning) to end of test (marketing) 
3Primal cut weights were collected on a sample of 4 pigs from each pen that were representative of the range of live weights in each 
pen at the end of test 
4Total primal cut weight = sum of the weights of the belly, Boston butt, ham, loin, picnic, and spareribs 
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Table 2.4. Descriptive statistics for live animal, carcass, and meat quality measures of individual pigs (Data Sets 1 and 2)1. 
Variable Abbreviation n Mean SD Minimum Maximum 
Live animal measurements             
Live weight, kg             
Birth weight IBWT 6617 1.49 0.35 0.45 2.56 
Start of test (weaning) IWWT 6639 5.35 1.10 2.61 8.62 
Week 14 IWT14 5940 69.1 10.2 38.1 99.3 
Week 18 IWT18 5810 92.2 12.2 56.2 129.3 
Week 22 IWT22 5479 116.8 14.5 72.6 160.6 
End of test (marketing) IMWT 5277 137.2 14.0 94.3 178.7 
Ultrasonic carcass measurements             
Backfat depth, cm             
Week 14 IUBF14 5909 1.25 0.28 0.43 2.11 
Week 18 IUBF18 5787 1.67 0.41 0.58 2.97 
Week 22 IUBF22 5459 1.98 0.52 0.81 3.61 
End of test (marketing) IUBF 5257 2.34 0.61 0.84 4.27 
Longissimus muscle depth, cm             
Week 14 ILMD14 5927 4.23 0.48 2.77 5.69 
Week 18 ILMD18 5785 5.02 0.57 3.20 6.83 
Week 22 ILMD22 5484 5.57 0.52 4.01 7.14 
End of test (marketing) ILMD 5279 6.03 0.51 4.50 7.54 
Longissimus muscle area, cm2             
Week 14 ILMA14 5930 28.43 4.52 14.71 42.06 
Week 18 ILMA18 5737 36.88 5.91 17.94 57.03 
Week 22 ILMA22 5478 43.65 5.65 26.71 60.97 
End of test (marketing) ILMA 5280 50.37 5.75 33.10 67.87 
Carcass measurements (taken on the slaughter line)             
Hot carcass weight, kg IHCW 5108 103.1 11.3 68.5 137.4 
Dressing percentage, % IDP 5004 75.2 1.8 66.0 84.2 
Predicted fat-free lean content, % IPCL 4851 52.4 1.9 46.3 58.2 
Fat-O-Meater backfat depth, cm IFOMBF 4865 2.25 0.47 1.00 3.70 
Fat-O-Meater loin muscle depth, cm IFOMLD 4871 6.69 0.67 4.60 8.70 
Carcass measurements             
Carcass length, cm CLEN 1254 86.8 3.1 78.2 96.0 
Primal cut weights, kg             
Belly BLY 1250 18.29 2.77 10.71 25.61 
Boston butt BB 1254 9.52 1.09 6.27 12.49 
Loin LOIN 1254 23.06 2.16 16.93 29.56 
Ham HAM 1254 25.22 2.34 18.64 32.10 
Picnic PIC 1252 11.59 1.17 8.08 14.80 
Spareribs RIB 1254 5.01 0.67 3.09 6.99 
        Total primal cut weight PRIMAL 1251 92.71 8.92 67.37 115.18 
Meat quality measurements2             
L* LOINL 1220 45.24 3.02 35.98 54.43 
a* LOINA 1220 3.75 1.05 0.68 7.02 
b* LOINB 1220 -0.18 0.86 -2.45 2.49 
Ultimate pH PHU 1152 5.62 0.15 5.10 6.17 
Subjective color SCOL 1237 2.72 0.47 1.50 4.00 
Subjective marbling SMARB 1236 3.09 0.83 1.00 5.00 
Subjective firmness SFIRM 1237 3.04 0.99 1.00 5.00 
Intramuscular fat percentage, %3 IMF 1221 2.69 0.90 0.44 5.45 
Slice shear force3 SSF 1208 15.71 3.20 9.06 26.44 
       
Carcass value, $/100 kg of carcass weight ICVAL 4887 131.6 6.37 113.0 142.0 
Primal cut value, $/100 kg of primal cut weight IPVAL 1248 183.7 2.29 177.1 190.6 
Best yr primal cut value, $/100 kg of primal cut weight IBPVAL 1247 195.6 2.61 187.9 203.4 
Worst yr primal cut value, $/100 kg of primal cut weight IWPVAL 1246 175.1 2.16 169.0 181.4 
1Data Set 1 consisted of live animal and standard carcass measurements (n = 6642); Data Set 2 consisted of detailed carcass and meat quality 
measurements taken on a sample of pigs from Data Set 1 (n = 1255) 
2All meat quality measurements were taken from the ventral surface of the boneless Canadian back loin (NAMP #414) except IMF and SSF 
3IMF and SSF were conducted on the first and third 2.54 cm thick chops, respectively, immediately posterior to the spinalis dorsi, from the 
boneless Canadian back loins (NAMP #414) 
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Table 2.5. Correlations between growth and carcass measurements (based on measurements for the pen of pigs) 
  Growth performance   Carcass measurements (taken on the slaughter line) 
Variable FADG OADG NADFI FADFI OADFI NGF FGF OGF   PHCW PDP PFOMFD PFOMLD PPCL 
ADG               
Nursery -0.29* 0.18* 0.90* -0.15* 0.15* 0.30* -0.31* 0.03   0.02 0.13* -0.20* -0.11* 0.09 
Grow-finish - 0.87* -0.23* 0.87* 0.67* -0.16* 0.43* 0.27*   0.07 -0.30* 0.47* -0.08 -0.43* 
Overall - - 0.19* 0.79* 0.79* -0.01 0.31* 0.27*   0.11* -0.22* 0.35* -0.11 -0.36* 
ADFI               
Nursery - - - -0.04 0.29* -0.14* -0.38* -0.17*   0.02 0.06 -0.17* -0.08 0.08 
Grow-finish - - - - 0.89* -0.25* -0.07 -0.20*   0.05 -0.28* 0.59* -0.18* -0.57* 
Overall - - - - - -0.29* -0.28* -0.38*   0.11* -0.19* 0.46* -0.16* -0.47* 
Gain:feed               
Nursery - - - - - - 0.13* 0.43*   -0.01 0.17* -0.09 -0.07 0.04 
Grow-finish - - - - - - - 0.90*   0.03 -0.09 -0.13* 0.16 0.17* 
Overall - - - - - - - -   -0.01 -0.03 -0.18* 0.09 0.18* 
Carcass measurements               
Hot carcass weight - - - - - - - -   - 0.21* 0.07 0.26* -0.05 
Dressing percentage - - - - - - - -   - - -0.17* 0.18* 0.19* 
Backfat depth - - - - - - - -   - - - -0.16* -0.89* 
Loin muscle depth - - - - - - - -   - - - - 0.56* 
*P < 0.05 
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Table 2.6. Correlation coefficients between growth performance measures and primal cut weight and carcass value of pens of pigs. 
  Primal cut weights   Primal value 
Growth performance 









ADG                       
Nursery -0.13* 0.19* 0.01 -0.04 0.20* 0.00 0.01 0.09 -0.19* -0.19* -0.16* 
Grow-finish 0.16* -0.10 -0.17* -0.09 -0.08 0.05 -0.04 -0.16* 0.27* 0.28* 0.26* 
Overall 0.11* 0.01 -0.13* -0.07 0.02 0.07 0.00 -0.12* 0.19* 0.19* 0.20* 
ADFI                       
Nursery -0.07 0.18* 0.00 -0.06 0.16* 0.01 0.01 0.07 -0.11* -0.12* -0.09 
Grow-finish 0.18* -0.08 -0.22* -0.19* -0.10 0.06 -0.08 -0.24* 0.34* 0.35* 0.34* 
Overall 0.18* 0.02 -0.14* -0.14* -0.04 0.08 -0.01 -0.22* 0.29* 0.29* 0.30* 
Gain:feed                       
Nursery -0.13* 0.03 0.02 0.03 0.08 -0.02 -0.01 0.04 -0.18 -0.18* -0.17* 
Grow-finish -0.02 -0.05 0.05 0.16* 0.02 0.00 0.06 0.11* -0.08 -0.07 -0.08 
Overall -0.11* -0.02 0.02 0.11* 0.09 -0.03 0.02 0.15* -0.18* -0.17* -0.17* 
1ADG = average daily gain; ADFI = average daily feed intake; Nursery period = start of test (weaning) to week 10; Grow-finish period = week 10 to 
end of test (marketing); Overall = start of test (weaning) to end of test (marketing) 
2Total = sum of the weights of the belly, Boston, ham, loin, picnic, and spareribs 
*P < 0.05 
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Table 2.7. Correlation coefficients between individual pig live weight and carcass measurements and primal cut weights, carcass value, and primal cut values. 
  Primal cut weights   Primal cut values 










Live weight                       
Birth weight 0.24* 0.23* 0.34* 0.34* 0.26* 0.28* 0.33* -0.26* 0.08* 0.08* 0.08* 
Start of test (weaning) 0.26* 0.28* 0.35 0.35* 0.31* 0.28* 0.36* -0.31* 0.09* 0.09* 0.09* 
End of test (marketing) 0.89* 0.74* 0.87 0.84* 0.76* 0.83* 0.97* -0.74* 0.54* 0.54* 0.53* 
Ultrasonic carcass measurements2                       
Backfat depth 0.55* 0.28* 0.16* 0.19* 0.10* 0.29* 0.33* -0.47* 0.65* 0.65* 0.64* 
Longissimus muscle depth 0.37* 0.40* 0.53* 0.58* 0.44* 0.40* 0.54* -0.33* 0.08* 0.08* 0.08* 
Longissimus muscle area 0.42* 0.42* 0.56* 0.64* 0.45* 0.43* 0.58* -0.35* 0.12* 0.12* 0.12* 
Carcass measurements                       
Hot carcass weight 0.88* 0.76* 0.90* 0.86* 0.78* 0.83* 0.98* -0.78* 0.50* 0.50* 0.49* 
Dressing percentage 0.23* 0.33* 0.38* 0.36* 0.37* 0.27* 0.37* -0.26* 0.00 -0.01 0.00 
Predicted carcass fat-free lean percentage -0.41* -0.13* -0.06* -0.04 -0.04 -0.20* -0.19* 0.44* -0.53* -0.53* -0.51* 
Fat-O-Meater backfat depth 0.44* 0.15* 0.08* 0.10* 0.04 0.20 0.22* -0.45* 0.56* 0.57* 0.55* 
Fat-O-Meater loin muscle depth 0.26* 0.32* 0.43* 0.46* 0.34* 0.29* 0.41* -0.23* 0.02 0.03 0.03 
Carcass length 0.63* 0.54* 0.62* 0.71* 0.55* 0.65* 0.72* -0.56* 0.37* 0.37* 0.37* 
1Total = sum of the weights of the belly, Boston, ham, loin, picnic, and spareribs 
2Ultrasonic measurements were taken at the end of test at the area of the 10th rib 




Table 2.8. Correlation coefficients between meat quality measurements and primal cut weights, carcass value, and primal cut values. 
  Primal cut weights   Primal cut values 







L* 0.07* 0.03 0.06 0.03 0.06 0.04 0.06* -0.06* 0.06* 0.07* 0.06* 
a* 0.03 0.02 -0.01 -0.01 0.03 0.04 0.02 -0.06 0.04 0.05 0.05 
b* 0.02 0.02 0.02 0.02 0.09* 0.05 0.04 -0.06* -0.01 -0.02 -0.02 
Ultimate pH -0.06* -0.04 -0.03 0.01 -0.06 -0.02 -0.04 0.04 -0.06* -0.07* -0.06 
Subjective color 0.01 0.00 -0.01 0.02 -0.04 0.01 0.00 0.02 0.03 0.03 0.04 
Subjective marbling 0.11* 0.04 -0.04 -0.05 -0.05 0.06* 0.02 -0.04 0.20* 0.20* 0.20* 
Subjective firmness 0.21* 0.16* 0.10* 0.11* 0.10* 0.15* 0.16* -0.16* 0.23* 0.23* 0.23* 
Intramuscular fat percentage2 0.18* 0.05 -0.01 -0.01 0.01 0.12* 0.07* -0.12* 0.27* 0.27* 0.27* 
Slice shear force2 -0.20* -0.10* -0.12* -0.15* -0.13* -0.13* -0.17* 0.18* -0.17* -0.17* -0.16* 
1Total = sum of the weights of the belly, Boston butt, ham, loin, picnic, and spareribs 
2IMF and SSF were conducted on the first and third 2.54 cm thick chops, respectively, immediately posterior to the spinalis dorsi, from the boneless Canadian 
back loins (NAMP #414) 




Table 2.9. Regression equations to predict individual and total primal cut weights and estimated carcass and primal cut value using live animal 
measurements1. 















1 Belly, kg  -7.70 0.18   1.06 -0.20   -0.44* 0.85 1.06 
2 Boston butt, kg 0.51 0.07   -0.10     0.13* 0.56 0.71 
3 Ham, kg 0.94 0.18   -0.91 0.29   0.08 0.83 0.96 
4 Loin, kg 1.52 0.14   -0.43   0.077 -0.11 0.79 0.99 
5 Picnic, kg 0.71 0.08   -0.59 0.27 -0.021 0.35* 0.66 0.67 
6 Spareribs, kg -1.15 0.05   -0.10   -0.005 0.05* 0.70 0.37 
7 Total, kg -6.14 0.70   -1.09 0.91   0.02 0.95 1.90 
8 Carcass value -0.08 0.20 
-
0.137 0.00031 -1.48     -0.15 0.85 2.43 
9 Primal cut value 172.98 0.07     2.01 -0.58   -0.63* 0.55 1.52 
1Equations presented for each dependent variable contain the set of predictors that minimize Akaike’s Information Criterion 
aTotal = sum of the weights of the belly, Boston butt, ham, loin, picnic, and spareribs; Units for carcass value and primal cut value were $/100 kg 
of carcass and primal cut weight, respectively 
bSLW = slaughter weight, kg 
cSex effect = the deviation of predicted weight or value of gilts from predicted weight or value of barrows; “*” denotes a significant difference (P 
< 0.05) 
dRSD = residual standard deviation 
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Table 2.10. Regression equations to predict individual and total primal cut weights and estimated carcass and primal cut value using carcass 
measurements (taken on the slaughter line)1. 
   Continuous predictors   








length, cm R2 RSDc 
10 Belly, kg  4.98 0.24   -0.21 1.39 -0.20 0.029 0.86 1.04 
11 Boston butt, kg 1.02 0.09     -0.20     0.59 0.68 
12 Ham, kg 17.15 0.26   -0.08 -1.18   -0.121 0.86 0.87 
13 Loin, kg -7.00 0.16   0.04 -0.35 0.29 0.115 0.80 0.95 
14 Picnic, kg 5.82 0.12     -0.71 -0.10 -0.048 0.69 0.65 
15 Spareribs, kg 0.34 0.06   -0.03 -0.09 -0.07 0.016 0.71 0.36 
16 Total, kg 21.10 0.91   -0.26 -1.12 -0.10   0.98 1.33 
17 Carcass value -0.06 0.21 -0.194 0.00057 0.12 -2.28 1.18   0.91 1.91 
18 Primal cut value 176.97 0.08     -0.21 2.56 -0.24 0.123 0.53 1.55 
1Equations presented for each dependent variable contain the set of predictors that minimize Akaike’s Information Criterion 
aTotal = sum of the weights of the belly, Boston butt, ham, loin, picnic, and spareribs; Units for carcass value and primal cut value were $/100 
kg of carcass and primal cut weight, respectively 
bHCW = hot carcass weight, kg 
cRSD = residual standard deviation 
84 
LITERATURE CITED 
Arkfeld, E. K., D. A. Mohrhauser, D. A. King, T. L. Wheeler, A. C. Dilger, S. D. Shackelford, 
and D. D. Boler. 2017. Characterization of variability in pork carcass composition and 
primal quality. J. Anim. Sci. 95:697-708. 
 
Boland, M. 1998. Market hog values by carcass components. National Pork Producers Council 
Quality Lean Growth Modeling Project Symposium. Des Moines, IA. November 17-18, 
1998. 
 
Boler, D. D., C. L. Puls, D. L. Clark, M. Ellis, A. L. Schroeder, P. D. Matzat, J. Killefer, F. K. 
McKeith, and A. C. Dilger. 2014. Effects of immunological castration (Improvest) on 
changes in dressing percentage and carcass characteristics of finishing pigs. J. Anim. Sci. 
91:359-368. 
 
Brorsen, B. W., J. T. Akridge, M. A. Boland, S. Mauney, and J. C. Forrest. 1998. Performance of 
alternative component pricing systems for pork. J. Agric. Appl. Econ. 302:313-324.  
 
Carr, S. N., D. N. Hamilton, K. D. Miller, A. L. Schroeder, D. Fernandez-Duenas, J. Fillefer, M. 
Ellis, and F. K. McKeith. 2009. The effect of ractopamine hydrochloride (Paylean®) on 
lean carcass yields and pork quality characteristics of heavy pigs fed normal amino acid 
fortified diets. Meat Sci. 81:533-539. 
 
Cameron, N. D. 1990. Genetic and phenotypic parameters for carcass traits, meat and eating 
quality traits in pigs. Livest. Prod. Sci. 26:119-135. 
 
Cisneros F., M. Ellis, F. K. McKeith, J. McCaw, and R. L. Fernando. 1996a. Influence of 
slaughter weight on growth and carcass characteristic, commercial cutting and curing 
yields, and meat quality of barrows and gilts from two genotypes. J. Anim. Sci. 74:925-
933. 
 
Cisneros F., M. Ellis, K. D. Miller, J. Novakofski, E. R. Wilson, and F. K. Mckeith. 1996b. 
Comparison of transverse and longitudinal real-time ultrasound scans for prediction of 
lean cut yields and fat-free lean content in live pigs. J. Anim. Sci. 74:2566-2576. 
 
Correa, J. J., L. Faucitano, J. P. Laforest, J. Rivest, M. Marcoux, and C. Gariépy. 2006. Effects 
of slaughter weight on carcass composition and meat quality in pigs of two different 
growth rates. Meat Sci. 72:91-99. 
 
de Vries, A. G., P. G. van der Wal, T. Long, G. Eikelenboom, and J. W. M. Merks. 1994. 
Genetic parameters of pork quality and production traits in Yorkshire populations. Livest. 
Prod. Sci. 40:277-289. 
 
Do, D. N., A. B. Strathe, J. Jensen, T. Mark, and H. N. Kadarmideen. 2013. Genetic parameters 
for different measures of feed efficiency and related traits in boars of three pig breeds. S. 
Afr. J. Anim. Sci. 43:4. 
85 
Dube, B., S. D. Mulugeta, and K. Dzama. 2013. Genetic relationship between growth and 
carcass traits in Large White pigs. Genet. Sel. Evol. 25:475-493. 
 
Ducos, A., J. P. Bidanel, V. Ducrocq, D. Boichard, and E. Groeneveld. 1993. Multivariate 
restricted maximum likelihood estimation of genetic parameters for growth, carcass and 
meat quality traits in French Large White and French Landrace pigs. Genet. Sel. Evol. 
25:475-493. 
 
Fredeen, H. T. 1980. Yields and dimensions of pork bellies in relation to carcass measurements. 
Can. J. Anim. Sci. 60:265-274. 
 
Frank E Harrell Jr, with contributions from Charles Dupont and many others. 2020. Hmisc: 
Harrell Miscellaneous. R package version 4.4-0. https://CRAN.R-
project.org/package=Hmisc.   
 
Harsh, B. N., E. K. Arkfeld, D. A. Mohrhauser, D. A. King, T. L. Wheeler, A. C. Dilger, S. D. 
Shackelford and D. D. Boler. 2017. Effect of hot carcass weight on loin, ham, and belly 
quality from pigs sourced from a commercial processing facility. J. Anim. Sci. 95:4958-
4970. 
 
Hoque, M. A., H. Kadowaki, T. Shibata, T. Oikawa, and K. Suzuki. 2007. Genetic parameters 
for measures of the efficiency of gain of boars and the genetic relationships with its 
component traits in Duroc pigs. J. Anim. Sci. 85:1873-1879. 
 
Hoque, M. A., H. Kadowaki, T. Shibata, T. Oikawa, and K. Suzuki. 2008. Genetic parameters 
for measures of residual feed intake of boars and growth traits in seven generations of 
Duroc pigs. Livest. Sci. 121:45-49. 
 
Johnson, Z. B., J. J. Chewning, and R. A. Nugent, III. 1999. Genetic parameters for production 
traits and measures of residual feed intake in Large White swine. J. Anim. Sci. 77:1679-
1685. 
 
Khanal, P, C. Maltecca, C Schwab, K. Gray, and F. Tiezzi. 2019. Genetic parameters of meat 
quality, carcass composition, and growth traits in commercial swine. J. Anim. Sci. 
97:3669-3683. 
 
Lisiak, D., K. Duziński, P. Janiszewski, K. Borzuta, and D. Knecht. 2015. A new simple method 
for estimating the pork carcass mass of primal cuts and lean meat content of the carcass. 
Anim. Prod. Sci. 55:1044-1050. 
 
Liu, Y. and J. R. Stouffer. 1995. Pork carcass evaluation with an automated computerized 





Lowe, B. K., G. D. Gerlemann, S. N. Carr, P. J. Rincker, A. L. Schroeder, D. B. Petry, F. K. 
McKeith, G. L. Allee, and A. C. Dilger. 2014. Effects of feeding ractopamine 
hydrochloride (Paylean) to physical and immunological castrates (Improvest) in a 
commercial setting on carcass cutting yields and loin quality. J. Anim. Sci. 92:3715-
3726. 
 
Lowell, J. E., E. D. Schunke, B. N. Harsh, E. E. Bryan, C. A. Stahl, A. C. Dilger, and D. D. 
Boler. 2019. Growth performance, carcass characteristics, fresh belly quality, and 
commercial bacon slicing yields of growing-finishing pigs from sire lines intended for 
different industry applications. Meat Sci. 154:96-108. 
 
Thomas Lumley based on Fortran code by Alan Miller. 2020. leaps: Regression Subset  
Selection. R package version 3.1. https://CRAN.R-project.org/package=leaps. 
 
Miar, Y., G. S. Plastow, S. S. Moore, G. Manafiazar, P. Charagu, R. A. Kemp, B. Van Haandel, 
A. E. Huisman, C. Y. Zhang, R. M. McKay, H. L. Bruce, and Z. Wang. 2014. Genetic 
and phenotypic parameters for carcass and meat quality traits in commercial crossbred 
pigs. J. Anim. Sci. 92:2869-2884. 
 
Miller, K. D., M. Ellis, F. K. McKeith, and E. R. Wilson. 2000. Influence of sire line and   
halothane genotype on growth performance, carcass characteristics, and meat quality in 
pigs. Can. J. Anim. Sci. 80: 319-327. 
 
Morales, J. I., L. Cámara, J. D. Berrocoso, J. P. Lópes, G. G. Mateos, and M. P. Serrano. 2011. 
Influence of sex and castration on growth performance and carcass quality of crossbred 
pigs from 2 Large White sire lines. J. Anim. Sci. 89:3481-3489. 
 
NAMP. 2007 The Meat Buyer’s Guide. North Am. Meat Proc. Assoc., Reston, VA. 
 
Newcom, D. W., T. J. Baas, J. W. Mabry, and R. N. Goodwin. 2002. Genetic parameters for 
pork carcass components. J. Anim. Sci. 80:3099-3106. 
 
NPB. 2017. Industry Benchmarks. Natl. Pork Board. Des Moines, IA. 
 
NRC. 2012. Nutrient Requirements of Swine (11th Ed.). National Academy Press.  
Washington, DC. 
 
Overholt, M. F., E. K. Arkfeld, D. A. Mohrhauser, D. A. King, T. L. Wheeler, A. C. Dilger, S. D. 
Shackelford, and D. D. Boler. 2016. Comparison of variability in pork carcass 
composition and quality between barrows and gilts. J. Anim. Sci. 94:4415-4426. 
 
Pommier, S. A., C. Pomar, and D. Godbout. 1998. Effect of the halothane genotype and stress on 
animal performance, carcass composition and meat quality of crossbred pigs. Can. J. 
Anim. Sci. 78:257-264. 
 
87 
R Core Team. 2020. R: A language and environment for statistical computing. R Foundation for 
Statistical Computing, Vienna, Austria. https://www.R-project.org/. 
 
Shackelford, S. D., T. L. Wheeler, M. Koohmaraie. 2004. Technical note: Use of belt grill           
cookery and slice shear force for assessment of pork longissimus tenderness. J. Anim. Sci
. 82:238-241. 
 
USDA, AMS. 2020. National Daily Pork Report FOB Plant. 
https://www.ams.gov/mnreports/lm_pk602.txt (Accessed 23 November 2020.) 
 
USDA. LMR Data Mart. 2020. http://mpr.datamart.ams.usda.gov. (Accessed 23 November 
2020.) 
 
Uttaro, B. E., R. O. Ball, P. Dick, W. Rae, G. Vessie, and L. E. Jeremiah. 1993. Effect of 
ractopamine and sex on growth, carcass characteristics, processing yield, and meat 
quality characteristics of crossbred swine. J. Anim. Sci. 71:2439-2449.  
 
van Wijk, H. J., D. J. G. Arts, J. O. Matthews, M. Webster, B. J. Ducro, and E. F. Knol. 2005. 
Genetic parameters for carcass composition and pork quality estimated in a commercial 
production chain. J. Anim. Sci. 83:324-333. 
 
Wilson, K. B., M. F. Overholt, C. M. Shull, C. Schwab, A. C. Dilger, and D. D. Boler. 2017. The 
effects of instrumental color and extractable lipid content on sensory characteristics of 
pork loin chops cooked to a medium-rare degree of doneness. J. Anim. Sci. 95:2052-
2060. 
 
Zhou, Z. Y., and B. M. Bohrer. 2019. Defining pig sort loss with a simulation of various 
marketing options of pigs with the assumption that marketing cuts improve variation in 




APPENDIX A: REGRESSION EQUATIONS 
Table A.1. One-, two-, three-, and four-variable regression equations to predict individual and total primal cut weights (kg) using live animal measurements.1 












muscle depth, cm 
Longissimus 




R2 RSDc AICc 
1 Boston butt 1 8.34   0.54     -0.15* 0.08 1.02 3267 
2 Boston butt 1 4.19     0.87   0.15* 0.16 0.98 3172 
3 Boston butt 1 5.17       0.084 0.23* 0.18 0.97 3137 
4 Boston butt 1 0.58 0.06       0.10* 0.56 0.71 2439 
            
5 Boston butt 2 4.55     0.28 0.063 0.22* 0.19 0.96 3132 
6 Boston butt 2 3.21   0.51 0.84   0.01 0.23 0.94 3069 
7 Boston butt 2 4.19   0.50   0.081 0.10 0.25 0.92 3034 
8 Boston butt 2 0.47 0.06     0.006 0.11* 0.56 0.71 2439 
9 Boston butt 2 0.23 0.06   0.10   0.11* 0.56 0.71 2437 
10 Boston butt 2 0.51 0.07 -0.10     0.13* 0.56 0.71 2435 
            
11 Boston butt 3 3.57   0.50 0.28 0.060 0.09 0.26 0.92 3029 
12 Boston butt 3 0.19 0.06   0.13 -0.004 0.11* 0.56 0.71 2438 
13 Boston butt 3 0.46 0.07 -0.09   0.003 0.13* 0.56 0.71 2436 
14 Boston butt 3 0.26 0.06 -0.09 0.07   0.13* 0.56 0.71 2434 
            
15 Boston butt 4 0.20 0.07 -0.09 0.12 -0.006 0.13* 0.56 0.71 2436 
            
16 Picnic 1 11.11   0.21     0.02 0.01 1.15 3530 
17 Picnic 1 4.96     1.07   0.27* 0.21 1.03 3280 
18 Picnic 1 6.38       0.100 0.37* 0.22 1.02 3258 
19 Picnic 1 1.64 0.07       0.19* 0.59 0.74 2539 
            
20 Picnic 2 4.64   0.17 1.06   0.22* 0.21 1.03 3272 
21 Picnic 2 6.06   0.16   0.099 0.32* 0.23 1.02 3250 
22 Picnic 2 5.33     0.47 0.064 0.35* 0.23 1.01 3243 
23 Picnic 2 1.34 0.07     0.016 0.23* 0.59 0.74 2529 
24 Picnic 2 0.75 0.07   0.25   0.23* 0.60 0.73 2516 
25 Picnic 2 1.26 0.08 -0.60     0.36* 0.66 0.68 2328 
            
26 Picnic 3 5.01   0.16 0.47 0.064 0.30* 0.24 1.01 3235 
27 Picnic 3 0.68 0.07   0.31 -0.006 0.22* 0.60 0.73 2517 
28 Picnic 3 1.28 0.08 -0.60   -0.001 0.36* 0.66 0.68 2330 
29 Picnic 3 0.93 0.08 -0.58 0.10   0.37* 0.66 0.67 2326 
            
30 Picnic 4 0.71 0.08 -0.59 0.27 -0.021 0.35* 0.66 0.67 2320 
            
31 Loin 1 21.42   0.90     -0.91* 0.08 2.04 4829 
32 Loin 1 8.58     2.41   -0.24* 0.33 1.74 4473 
33 Loin 1 10.80       0.242 0.04 0.41 1.64 4330 
34 Loin 1 3.24 0.15       -0.43* 0.74 1.09 3407 
            
35 Loin 2 6.99   0.82 2.37   -0.45* 0.38 1.68 4389 
36 Loin 2 9.76     0.46 0.207 0.02 0.41 1.63 4325 
37 Loin 2 9.23   0.80   0.238 -0.18 0.46 1.57 4239 
38 Loin 2 2.85 0.16 -0.61     -0.26* 0.76 1.04 3311 
39 Loin 2 0.37 0.13   0.82   -0.31* 0.77 1.03 3286 
40 Loin 2 1.56 0.12     0.089 -0.21* 0.78 1.01 3236 
            
41 Loin 3 8.20   0.80 0.46 0.204 -0.20* 0.46 1.57 4235 
42 Loin 3 1.19 0.12   0.17 0.077 -0.21* 0.78 1.01 3236 
43 Loin 3 0.52 0.14 -0.48 0.69   -0.19* 0.78 1.00 3224 
44 Loin 3 1.52 0.14 -0.43   0.077 -0.11 0.79 0.99 3186 
            
45 Loin 4 1.21 0.14 -0.43 0.14 0.066 -0.12 0.79 0.99 3187 
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Table A.1 (continued). One-, two-, three-, and four-variable regression equations to predict individual and total primal cut weights (kg) using live animal 
measurements.1 












muscle depth, cm 
Longissimus 




R2 RSDc AICc 
46 Spareribs 1 4.25   0.36     -0.13* 0.09 0.64 2189 
47 Spareribs 1 1.74     0.54   0.06 0.15 0.61 2111 
48 Spareribs 1 2.24       0.054 0.12* 0.19 0.60 2057 
49 Spareribs 1 -1.18 0.04       0.04 0.69 0.37 968 
            
50 Spareribs 2 2.00     0.11 0.046 0.11* 0.19 0.60 2057 
51 Spareribs 2 1.09   0.34 0.52   -0.03 0.24 0.58 1994 
52 Spareribs 2 1.58   0.33   0.052 0.03 0.27 0.57 1938 
53 Spareribs 2 -1.12 0.05   -0.02   0.03 0.69 0.37 970 
54 Spareribs 2 -1.14 0.05     -0.002 0.03 0.69 0.37 969 
55 Spareribs 2 -1.24 0.05 -0.09     0.06* 0.70 0.37 952 
            
56 Spareribs 3 1.35   0.33 0.11 0.044 0.03 0.28 0.57 1937 
57 Spareribs 3 -1.14 0.05   -0.0004 -0.002 0.03 0.69 0.37 971 
58 Spareribs 3 -1.09 0.05 -0.10 -0.05   0.06* 0.70 0.37 951 
59 Spareribs 3 -1.15 0.05 -0.10   -0.005 0.05* 0.70 0.37 949 
            
60 Spareribs 4 -1.14 0.05 -0.10 -0.01 -0.005 0.05* 0.70 0.37 952 
            
61 Belly 1 5.78     2.06   -0.05 0.14 2.55 5329 
62 Belly 1 7.36       0.213 0.20 0.19 2.48 5268 
63 Belly 1 12.30   2.78     -1.15* 0.34 2.22 5022 
64 Belly 1 -9.08 0.20       -0.10 0.81 1.20 3632 
            
65 Belly 2 6.90     0.21 0.198 0.19 0.18 2.48 5269 
66 Belly 2 0.52   2.72 1.94   -0.77* 0.46 2.01 4797 
67 Belly 2 2.06   2.70   0.200 -0.53* 0.50 1.94 4710 
68 Belly 2 -8.24 0.21     -0.045 -0.21* 0.81 1.19 3601 
69 Belly 2 -7.37 0.21   -0.49   -0.17* 0.81 1.19 3600 
70 Belly 2 -8.38 0.18 1.10     -0.42* 0.85 1.06 3349 
            
71 Belly 3 1.62   2.70 0.20 0.185 -0.54* 0.50 1.94 4711 
72 Belly 3 -7.62 0.21   -0.29 -0.023 -0.20* 0.81 1.18 3598 
73 Belly 3 -8.14 0.18 1.07   -0.014 -0.44* 0.85 1.06 3348 
74 Belly 3 -7.70 0.18 1.06 -0.20   -0.44* 0.85 1.06 3344 
            
75 Belly 4 -7.67 0.18 1.07 -0.22 0.0003 -0.43* 0.85 1.06 3347 
            
76 Ham 1 23.71   0.81     -0.72* 0.05 2.27 5070 
77 Ham 1 10.47     2.44   -0.06 0.27 1.99 4767 
78 Ham 1 13.21       0.236 0.19 0.32 1.93 4697 
79 Ham 1 2.55 0.17       -0.23* 0.78 1.08 3395 
            
80 Ham 2 9.06   0.73 2.41   -0.25* 0.30 1.94 4718 
81 Ham 2 11.48     0.77 0.178 0.16 0.32 1.92 4686 
82 Ham 2 11.82   0.70   0.233 0.00 0.35 1.88 4648 
83 Ham 2 1.70 0.15     0.046 -0.12 0.79 1.06 3354 
84 Ham 2 0.66 0.16   0.54   -0.15* 0.79 1.06 3344 
85 Ham 2 1.94 0.19 -0.96     0.05 0.83 0.96 3129 
            
86 Ham 3 10.10   0.70 0.77 0.175 -0.03 0.35 1.87 4637 
87 Ham 3 0.83 0.15   0.41 0.016 -0.13* 0.79 1.06 3344 
88 Ham 3 1.61 0.18 -0.92   0.019 0.08 0.83 0.96 3123 
89 Ham 3 0.94 0.18 -0.91 0.29   0.08 0.83 0.96 3113 
            
90 Ham 4 0.87 0.18 -0.92 0.35 -0.007 0.07 0.83 0.96 3115 
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Table A.1 (continued). One-, two-, three-, and four-variable regression equations to predict individual and total primal cut weights (kg) using live animal 
measurements.1 












muscle depth, cm 
Longissimus 




R2 RSDc AICc 
91 Total 1 81.12   5.59     -3.04* 0.14 8.19 7970 
92 Total 1 35.72     9.40   0.12 0.28 7.50 7772 
93 Total 1 45.16       0.928 1.14* 0.34 7.18 7674 
94 Total 1 -2.26 0.69       -0.44* 0.95 2.04 4827 
            
95 Total 2 40.01     2.30 0.756 1.05* 0.34 7.16 7668 
96 Total 2 25.52   5.28 9.15   -1.27* 0.40 6.86 7571 
97 Total 2 34.95   5.19   0.903 -0.26 0.45 6.54 7462 
98 Total 2 -4.32 0.66     0.110 -0.16 0.95 1.98 4757 
99 Total 2 -6.47 0.67   1.20   -0.26* 0.95 1.97 4754 
100 Total 2 -3.06 0.72 -1.26     -0.07 0.95 1.93 4708 
            
101 Total 3 29.85   5.19 2.28 0.732 -0.34 0.46 6.51 7454 
102 Total 3 -5.87 0.66   0.73 0.057 -0.18 0.95 1.97 4749 
103 Total 3 -4.42 0.69 -1.08   0.079 0.07 0.95 1.90 4673 
104 Total 3 -6.14 0.70 -1.09 0.91   0.02 0.95 1.90 4666 
            
105 Total 4 -5.82 0.69 -1.07 0.66 0.031 0.05 0.95 1.90 4666 
1Within each dependent variable and number of variables, equations are ordered from largest to smallest Akaike's Information Criterion (AIC) and smallest to largest 
Adjusted R2 
aTotal = sum of the weights of the belly, Boston butt, ham, loin, picnic, and spareribs 
bSex effect = the deviation of predicted weight of gilts from predicted weight of barrows; “*” denotes a significant difference (P < 0.05) 
cRSD = residual standard deviation; AIC = Akaike's Information Criterion 
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Table A.2. One-, two-, three-, four-, five-, and six-variable regression equations to predict estimated carcass and primal value ($/100 kg) using live animal 
measurements.1 


















R2 RSDc AICc 
1 Carcass value 1 161.36         -4.77   -0.59 0.14 5.81 7195 
2 Carcass value 1 156.23           -0.47 -1.09* 0.16 5.72 7160 
3 Carcass value 1 143.50       -5.19     1.62* 0.23 5.51 7073 
4 Carcass value 1 190.40 -0.42           -0.42* 0.69 3.46 6025 
              
5 Carcass value 2 159.30         -1.37 -0.36 -1.03* 0.17 5.71 7158 
6 Carcass value 2 171.08       -5.03 -4.54   0.74* 0.35 5.04 6875 
7 Carcass value 2 166.04       -4.99   -0.44 0.26 0.37 4.95 6835 
8 Carcass value 2 188.59 -0.43       0.52   -0.34 0.69 3.46 6022 
9 Carcass value 2 188.96 -0.44         0.08 -0.23 0.70 3.45 6015 
10 Carcass value 2 189.48 -0.39     -1.45     0.00 0.71 3.38 5973 
11 Carcass value 2 -27.54 2.78 -0.012         -0.69* 0.81 2.70 5458 
              
12 Carcass value 3 169.08       -4.99 -1.36 -0.34 0.31 0.38 4.94 6831 
13 Carcass value 3 189.67 -0.44       -0.33 0.10 -0.22 0.70 3.45 6017 
14 Carcass value 3 189.03 -0.39     -1.42 0.13   0.01 0.71 3.39 5975 
15 Carcass value 3 188.84 -0.40     -1.36   0.04 0.07 0.71 3.38 5973 
16 Carcass value 3 -28.35 2.77 -0.012     0.36   -0.63* 0.81 2.69 5457 
17 Carcass value 3 -27.63 2.75 -0.012       0.06 -0.54* 0.82 2.68 5449 
18 Carcass value 3 -29.22 2.82 -0.012   -1.49     -0.26 0.83 2.59 5365 
19 Carcass value 3 -794.09 19.84 -0.137 0.0003       -0.58* 0.83 2.55 5332 
              
20 Carcass value 4 189.73 -0.40     -1.37 -0.42 0.07 0.08 0.71 3.38 5974 
21 Carcass value 4 -26.92 2.75 -0.012     -0.34 0.08 -0.52* 0.82 2.68 5450 
22 Carcass value 4 -29.14 2.83 -0.012   -1.49 -0.04   -0.26 0.83 2.59 5367 
23 Carcass value 4 -29.21 2.81 -0.012   -1.45   0.02 -0.23 0.83 2.59 5366 
24 Carcass value 4 -794.14 19.81 -0.137 0.0003   0.35   -0.53* 0.83 2.54 5330 
25 Carcass value 4 -786.68 19.64 -0.136 0.0003     0.05 -0.45* 0.84 2.54 5324 
26 Carcass value 4 -794.30 19.84 -0.137 0.0003 -1.48     -0.15 0.85 2.43 5227 
              
27 Carcass value 5 -28.31 2.82 -0.012   -1.46 -0.43 0.05 -0.21 0.83 2.58 5366 
28 Carcass value 5 -784.38 19.60 -0.136 0.0003   -0.22 0.07 -0.44* 0.84 2.54 5326 
29 Carcass value 5 -794.29 19.85 -0.137 0.0003 -1.49 -0.05   -0.16 0.85 2.43 5229 
30 Carcass value 5 -793.03 19.81 -0.137 0.0003 -1.46   0.01 -0.14 0.85 2.43 5229 
              
31 Carcass value 6 -789.80 19.75 -0.136 0.0003 -1.47 -0.31 0.03 -0.13 0.85 2.43 5229 
              
32 Primal value 1 181.35         0.38   -0.06 0.01 2.25 5053 
33 Primal value 1 180.84           0.05 0.04 0.02 2.24 5041 
34 Primal value 1 169.65 0.10           0.05 0.31 1.88 4645 
35 Primal value 1 177.78       2.67     -0.81* 0.46 1.66 4365 
              
36 Primal value 2 181.85         -0.45 0.09 0.05 0.02 2.24 5040 
37 Primal value 2 171.52 0.13         -0.10 -0.21 0.35 1.83 4579 
38 Primal value 2 173.59 0.12       -1.12   -0.13 0.35 1.82 4571 
39 Primal value 2 176.21       2.66 0.26   -0.76* 0.46 1.66 4361 
40 Primal value 2 175.63       2.65   0.04 -0.68* 0.47 1.65 4345 
41 Primal value 2 171.00 0.06     2.11     -0.57* 0.54 1.54 4185 
              
42 Primal value 3 173.12 0.13       -0.75 -0.04 -0.18 0.35 1.82 4568 
43 Primal value 3 176.67       2.65 -0.46 0.08 -0.66* 0.47 1.64 4341 
44 Primal value 3 171.70 0.07     2.02   -0.04 -0.64* 0.54 1.53 4172 
45 Primal value 3 172.98 0.07     2.01 -0.58   -0.63* 0.55 1.52 4159 
              
46 Primal value 4 173.03 0.07     2.01 -0.63 0.01 -0.62* 0.55 1.52 4160 
1Within each dependent variable and number of variables, equations are ordered from largest to smallest Akaike's Information Criterion (AIC) and smallest to largest 
Adjusted R2 
aSLW = slaughter weight, kg 
bSex effect = the deviation of predicted value of gilts from predicted value of barrows; “*” denotes a significant difference (P < 0.05) 
cRSD = residual standard deviation; AIC = Akaike's Information Criterion     
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Table A.3. One-, two-, three-, four-, and five-variable regression equations to predict individual and total primal cut weights (kg) using carcass measurements.1 

















R2 RSDb AICb 
1 Boston butt 1 8.66     0.42     0.03 1.05 3331 
2 Boston butt 1 -6.77   0.22       0.10 1.02 3249 
3 Boston butt 1 5.99       0.52   0.11 1.01 3236 
4 Boston butt 1 -7.15         0.19 0.30 0.89 2962 
5 Boston butt 1 0.90 0.08         0.59 0.69 2361 
            
6 Boston butt 2 -7.15   0.21 0.38     0.12 1.00 3220 
7 Boston butt 2 4.97     0.45 0.53   0.14 0.99 3193 
8 Boston butt 2 -5.92   0.17   0.41   0.16 0.98 3167 
9 Boston butt 2 -7.75     0.37   0.19 0.32 0.88 2925 
10 Boston butt 2 -7.96       0.34 0.17 0.34 0.87 2891 
11 Boston butt 2 -20.85   0.19     0.18 0.37 0.85 2836 
12 Boston butt 2 0.40 0.08 0.01       0.59 0.69 2363 
13 Boston butt 2 0.88 0.08     0.01   0.59 0.69 2363 
14 Boston butt 2 0.64 0.08       0.00 0.59 0.69 2363 
15 Boston butt 2 1.02 0.09   -0.20     0.59 0.68 2346 
            
16 Boston butt 3 -6.30   0.16 0.42 0.43   0.19 0.96 3129 
17 Boston butt 3 -8.64     0.40 0.35 0.17 0.37 0.85 2846 
18 Boston butt 3 -21.06   0.19 0.34   0.18 0.39 0.83 2802 
19 Boston butt 3 -19.51   0.16   0.24 0.17 0.39 0.83 2801 
20 Boston butt 3 0.40 0.08 0.01   0.01   0.59 0.69 2365 
21 Boston butt 3 0.59 0.08     0.01 0.00 0.59 0.69 2365 
22 Boston butt 3 -0.21 0.08 0.01     0.01 0.59 0.69 2364 
23 Boston butt 3 0.87 0.09 0.00 -0.20     0.59 0.68 2348 
24 Boston butt 3 1.11 0.09   -0.21 -0.02   0.59 0.68 2348 
25 Boston butt 3 1.50 0.09   -0.21   -0.01 0.59 0.68 2348 
            
26 Boston butt 4 -19.64   0.16 0.37 0.25 0.17 0.41 0.82 2760 
27 Boston butt 4 -0.23 0.08 0.01   0.01 0.01 0.59 0.69 2366 
28 Boston butt 4 0.89 0.09 0.00 -0.21 -0.02   0.59 0.68 2350 
29 Boston butt 4 1.67 0.09 0.00 -0.21   -0.01 0.59 0.68 2350 
30 Boston butt 4 1.70 0.09   -0.22 -0.03 -0.01 0.59 0.68 2349 
            
31 Boston butt 5 1.82 0.09 0.00 -0.22 -0.03 -0.01 0.59 0.68 2352 
            
32 Picnic 1 11.30     0.13     0.00 1.15 3539 
33 Picnic 1 7.56       0.58   0.12 1.09 3399 
34 Picnic 1 -8.63   0.27       0.13 1.08 3386 
35 Picnic 1 -6.61         0.21 0.30 0.96 3130 
36 Picnic 1 1.91 0.09         0.63 0.70 2413 
            
37 Picnic 2 7.19     0.17 0.59   0.12 1.08 3396 
38 Picnic 2 -8.71   0.27 0.08     0.13 1.08 3387 
39 Picnic 2 -7.69   0.22   0.45   0.19 1.04 3299 
40 Picnic 2 -6.74     0.08   0.21 0.30 0.96 3130 
41 Picnic 2 -7.55       0.39 0.19 0.35 0.93 3048 
42 Picnic 2 -23.88   0.24     0.20 0.41 0.89 2953 
43 Picnic 2 1.85 0.09     0.02   0.63 0.70 2415 
44 Picnic 2 2.35 0.09       -0.01 0.63 0.70 2415 
45 Picnic 2 -0.76 0.09 0.04       0.63 0.70 2408 
46 Picnic 2 2.26 0.10   -0.60     0.68 0.66 2261 
            
47 Picnic 3 -7.80   0.21 0.12 0.46   0.19 1.04 3298 
48 Picnic 3 -7.73     0.11 0.39 0.19 0.35 0.93 3047 
49 Picnic 3 -23.90   0.24 0.04   0.20 0.41 0.89 2955 
50 Picnic 3 -22.39   0.21   0.26 0.19 0.43 0.87 2914 
51 Picnic 3 2.27 0.09     0.01 -0.01 0.63 0.70 2417 
52 Picnic 3 -0.76 0.09 0.04   0.01   0.63 0.70 2410 
53 Picnic 3 -0.90 0.09 0.04     0.00 0.63 0.70 2410 
54 Picnic 3 0.65 0.10 0.02 -0.60     0.68 0.66 2260 
55 Picnic 3 2.55 0.10   -0.63 -0.07   0.68 0.65 2258 
56 Picnic 3 5.07 0.11   -0.67   -0.04 0.68 0.65 2242 
            
57 Picnic 4 -22.42   0.21 0.06 0.27 0.19 0.43 0.87 2915 
58 Picnic 4 -0.91 0.09 0.04   0.01 0.00 0.63 0.70 2412 
59 Picnic 4 0.71 0.10 0.03 -0.62 -0.08   0.68 0.65 2257 
60 Picnic 4 5.01 0.11 0.00 -0.67   -0.04 0.68 0.65 2244 
61 Picnic 4 5.82 0.12   -0.71 -0.10 -0.05 0.69 0.65 2234 
            
62 Picnic 5 5.58 0.12 0.00 -0.70 -0.10 -0.05 0.69 0.65 2237 
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Table A.3 (continued). One-, two-, three-, four-, and five-variable regression equations to predict individual and total primal cut weights (kg) using carcass 
measurements.1 

















R2 RSDb AICb 
63 Loin 1 21.79     0.79     0.05 2.08 4868 
64 Loin 1 -12.64   0.48       0.14 1.97 4751 
65 Loin 1 13.86       1.40   0.22 1.88 4642 
66 Loin 1 -18.81         0.48 0.51 1.50 4124 
67 Loin 1 4.03 0.19         0.77 1.02 3251 
            
68 Loin 2 -13.33   0.47 0.71     0.16 1.95 4724 
69 Loin 2 11.86     0.89 1.42   0.26 1.84 4595 
70 Loin 2 -10.17   0.34   1.19   0.28 1.81 4560 
71 Loin 2 -19.90     0.67   0.48 0.53 1.47 4082 
72 Loin 2 -21.09       0.95 0.44 0.59 1.36 3908 
73 Loin 2 -48.47   0.41     0.47 0.60 1.36 3903 
74 Loin 2 3.56 0.19 0.01       0.77 1.02 3253 
75 Loin 2 2.86 0.18     0.30   0.78 1.00 3214 
76 Loin 2 -3.53 0.16       0.12 0.79 0.98 3180 
77 Loin 2 4.39 0.19   -0.62     0.79 0.98 3179 
            
78 Loin 3 -10.91   0.32 0.82 1.22   0.30 1.78 4517 
79 Loin 3 -48.86   0.40 0.60   0.47 0.61 1.33 3861 
80 Loin 3 -22.36     0.75 0.97 0.43 0.62 1.32 3842 
81 Loin 3 -44.24   0.33   0.75 0.43 0.65 1.27 3754 
82 Loin 3 3.50 0.18 -0.01   0.31   0.78 1.00 3216 
83 Loin 3 5.02 0.20 -0.01 -0.62     0.79 0.98 3180 
84 Loin 3 -9.39 0.15 0.07     0.13 0.79 0.98 3171 
85 Loin 3 3.48 0.19   -0.55 0.23   0.79 0.97 3158 
86 Loin 3 -1.56 0.17   -0.48   0.09 0.79 0.97 3138 
87 Loin 3 -5.58 0.15     0.35 0.13 0.80 0.96 3126 
            
88 Loin 4 -44.50   0.32 0.68 0.78 0.43 0.67 1.23 3692 
89 Loin 4 4.82 0.19 -0.02 -0.55 0.23   0.79 0.97 3159 
90 Loin 4 -5.37 0.17 0.05 -0.45   0.10 0.80 0.96 3136 
91 Loin 4 -10.19 0.14 0.06   0.34 0.14 0.80 0.96 3121 
92 Loin 4 -3.72 0.16   -0.37 0.29 0.11 0.80 0.95 3103 
            
93 Loin 5 -7.00 0.16 0.04 -0.35 0.29 0.12 0.80 0.95 3102 
            
94 Spareribs 1 4.35     0.33     0.05 0.65 2246 
95 Spareribs 1 -3.37   0.11       0.07 0.65 2222 
96 Spareribs 1 3.09       0.28   0.08 0.64 2201 
97 Spareribs 1 -7.45         0.14 0.43 0.50 1661 
98 Spareribs 1 -0.82 0.06         0.70 0.37 954 
            
99 Spareribs 2 -3.68   0.11 0.31     0.11 0.63 2173 
100 Spareribs 2 -2.89   0.08   0.23   0.12 0.63 2159 
101 Spareribs 2 2.30     0.35 0.29   0.13 0.62 2136 
102 Spareribs 2 -7.80       0.14 0.14 0.45 0.49 1622 
103 Spareribs 2 -7.93     0.29   0.14 0.47 0.49 1586 
104 Spareribs 2 -14.06   0.09     0.14 0.48 0.48 1571 
105 Spareribs 2 -0.77 0.06   -0.09     0.70 0.37 946 
106 Spareribs 2 -0.53 0.06     -0.08   0.70 0.37 938 
107 Spareribs 2 1.72 0.06 -0.04       0.70 0.36 933 
108 Spareribs 2 -2.72 0.05       0.03 0.70 0.36 922 
            
109 Spareribs 3 -3.19   0.08 0.33 0.25   0.16 0.61 2099 
110 Spareribs 3 -13.52   0.08   0.10 0.14 0.48 0.48 1555 
111 Spareribs 3 -8.32     0.31 0.15 0.13 0.49 0.48 1537 
112 Spareribs 3 -14.23   0.09 0.28   0.14 0.51 0.47 1498 
113 Spareribs 3 -0.40 0.06   -0.11 -0.09   0.70 0.36 922 
114 Spareribs 3 1.74 0.06 -0.03   -0.07   0.70 0.36 921 
115 Spareribs 3 1.95 0.06 -0.04 -0.10     0.70 0.36 921 
116 Spareribs 3 -2.53 0.05   -0.05   0.03 0.70 0.36 921 
117 Spareribs 3 -0.65 0.05 -0.03     0.02 0.71 0.36 914 
118 Spareribs 3 -2.34 0.05     -0.07 0.03 0.71 0.36 910 
            
119 Spareribs 4 -13.63   0.08 0.29 0.11 0.13 0.52 0.46 1475 
120 Spareribs 4 -0.08 0.05 -0.03 -0.06   0.02 0.71 0.36 911 
121 Spareribs 4 -1.96 0.05   -0.08 -0.08 0.02 0.71 0.36 905 
122 Spareribs 4 -0.51 0.05 -0.02   -0.06 0.02 0.71 0.36 904 
123 Spareribs 4 2.02 0.06 -0.04 -0.12 -0.08   0.71 0.36 902 
            
124 Spareribs 5 0.34 0.06 -0.03 -0.09 -0.07 0.02 0.71 0.36 896 
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Table A.3 (continued). One-, two-, three-, four-, and five-variable regression equations to predict individual and total primal cut weights (kg) using carcass 
measurements.1 

















R2 RSDb AICb 
125 Belly 1 -11.78   0.40       0.06 2.67 5435 
126 Belly 1 10.70       1.14   0.08 2.63 5401 
127 Belly 1 12.10     3.10     0.25 2.38 5176 
128 Belly 1 -30.63         0.56 0.40 2.13 4923 
129 Belly 1 -7.14 0.25         0.79 1.25 3724 
            
130 Belly 2 -9.79   0.29   0.96   0.11 2.59 5372 
131 Belly 2 -14.77   0.36 3.04     0.29 2.32 5115 
132 Belly 2 3.55     3.18 1.23   0.34 2.23 5030 
133 Belly 2 -32.04       0.59 0.53 0.42 2.09 4887 
134 Belly 2 -53.90   0.32     0.55 0.43 2.07 4862 
135 Belly 2 -35.41     2.96   0.55 0.62 1.69 4401 
136 Belly 2 -7.28 0.25       0.00 0.79 1.25 3726 
137 Belly 2 -5.37 0.26     -0.46   0.80 1.22 3667 
138 Belly 2 11.07 0.26 -0.27       0.81 1.20 3620 
139 Belly 2 -8.00 0.23   1.47     0.84 1.10 3421 
            
140 Belly 3 -12.62   0.23 3.13 1.08   0.35 2.21 5006 
141 Belly 3 -51.53   0.28   0.42 0.53 0.44 2.05 4845 
142 Belly 3 -55.74   0.28 2.91   0.54 0.65 1.63 4326 
143 Belly 3 -37.16     3.02 0.69 0.51 0.65 1.63 4317 
144 Belly 3 -4.57 0.26     -0.47 -0.01 0.80 1.22 3668 
145 Belly 3 16.84 0.28 -0.29     -0.06 0.81 1.19 3611 
146 Belly 3 11.14 0.27 -0.24   -0.39   0.82 1.17 3576 
147 Belly 3 -6.93 0.23   1.39 -0.27   0.84 1.08 3398 
148 Belly 3 -13.82 0.20   1.60   0.09 0.85 1.08 3390 
149 Belly 3 7.77 0.24 -0.23 1.40     0.85 1.05 3320 
            
150 Belly 4 -52.63   0.22 2.97 0.56 0.51 0.66 1.59 4273 
151 Belly 4 17.80 0.29 -0.28   -0.41 -0.07 0.82 1.16 3562 
152 Belly 4 -12.20 0.21   1.52 -0.22 0.08 0.85 1.07 3375 
153 Belly 4 3.86 0.23 -0.21 1.46   0.04 0.86 1.04 3317 
154 Belly 4 7.96 0.25 -0.22 1.34 -0.21   0.86 1.04 3305 
            
155 Belly 5 4.98 0.24 -0.21 1.39 -0.20 0.03 0.86 1.04 3305 
            
156 Ham 1 24.14     0.66     0.03 2.30 5099 
157 Ham 1 -15.94   0.55       0.14 2.16 4953 
158 Ham 1 15.50       1.46   0.19 2.09 4887 
159 Ham 1 -14.90         0.46 0.38 1.83 4585 
160 Ham 1 3.43 0.21         0.82 0.98 3177 
            
161 Ham 2 -16.50   0.54 0.56     0.15 2.14 4941 
162 Ham 2 13.80     0.76 1.48   0.21 2.07 4860 
163 Ham 2 -13.43   0.41   1.21   0.26 2.01 4790 
164 Ham 2 -15.78     0.54   0.46 0.39 1.82 4568 
165 Ham 2 -17.39       1.04 0.41 0.47 1.70 4417 
166 Ham 2 -49.97   0.49     0.44 0.48 1.67 4381 
167 Ham 2 2.45 0.21 0.01       0.82 0.98 3179 
168 Ham 2 6.13 0.22       -0.04 0.82 0.98 3170 
169 Ham 2 2.70 0.21     0.19   0.82 0.98 3163 
170 Ham 2 4.00 0.23   -0.98     0.85 0.90 2969 
            
171 Ham 3 -14.04   0.40 0.67 1.24   0.27 1.99 4768 
172 Ham 3 -18.46     0.63 1.06 0.41 0.48 1.68 4389 
173 Ham 3 -50.26   0.48 0.46   0.44 0.49 1.66 4367 
174 Ham 3 -45.46   0.40   0.80 0.41 0.53 1.60 4273 
175 Ham 3 6.70 0.22 -0.01     -0.04 0.82 0.98 3171 
176 Ham 3 2.41 0.21 0.00   0.19   0.82 0.98 3165 
177 Ham 3 5.11 0.21     0.18 -0.04 0.83 0.97 3158 
178 Ham 3 4.75 0.23 -0.01 -0.98     0.85 0.90 2971 
179 Ham 3 3.78 0.22   -0.96 0.06   0.85 0.90 2970 
180 Ham 3 10.75 0.25   -1.13   -0.10 0.86 0.87 2904 
            
181 Ham 4 -45.67   0.39 0.54 0.82 0.40 0.54 1.58 4250 
182 Ham 4 6.28 0.22 -0.01   0.18 -0.04 0.83 0.97 3159 
183 Ham 4 4.70 0.22 -0.01 -0.96 0.06   0.85 0.90 2971 
184 Ham 4 10.81 0.25   -1.13 -0.01 -0.10 0.86 0.87 2906 
185 Ham 4 17.15 0.26 -0.08 -1.18   -0.12 0.86 0.87 2892 
            
186 Ham 5 17.16 0.26 -0.08 -1.18 0.00 -0.12 0.86 0.87 2894 
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Table A.3 (continued). One-, two-, three-, four-, and five-variable regression equations to predict individual and total primal cut weights (kg) using carcass 
measurements.1 

















R2 RSDb AICb 
187 Total 1 82.35     5.43     0.08 8.47 8047 
188 Total 1 -59.14   2.03       0.13 8.22 7979 
189 Total 1 56.71       5.38   0.18 8.00 7917 
190 Total 1 -85.56         2.05 0.51 6.15 7322 
191 Total 1 2.31 0.88         0.97 1.44 4045 
            
192 Total 2 -64.14   1.96 5.08     0.20 7.92 7896 
193 Total 2 -49.89   1.50   4.47   0.24 7.69 7828 
194 Total 2 43.67     5.80 5.54   0.26 7.59 7800 
195 Total 2 -93.50     4.92   2.02 0.57 5.76 7176 
196 Total 2 -93.83       3.44 1.87 0.58 5.71 7157 
197 Total 2 -211.12   1.75     1.99 0.61 5.54 7086 
198 Total 2 2.38 0.88     -0.02   0.97 1.44 4047 
199 Total 2 -4.41 0.85       0.10 0.97 1.43 4019 
200 Total 2 18.44 0.89 -0.23       0.97 1.41 3986 
201 Total 2 2.91 0.89   -1.01     0.98 1.38 3946 
            
202 Total 3 -54.86   1.40 5.49 4.69   0.31 7.30 7714 
203 Total 3 -196.65   1.46   2.56 1.87 0.64 5.29 6984 
204 Total 3 -102.67     5.21 3.62 1.84 0.65 5.24 6964 
205 Total 3 -214.04   1.68 4.64   1.96 0.66 5.15 6925 
206 Total 3 -4.53 0.85     0.02 0.10 0.97 1.43 4021 
207 Total 3 18.43 0.89 -0.24   0.05   0.97 1.41 3987 
208 Total 3 12.39 0.87 -0.20     0.06 0.97 1.40 3978 
209 Total 3 3.58 0.90   -1.07 -0.17   0.98 1.38 3942 
210 Total 3 -0.58 0.88   -0.94   0.05 0.98 1.38 3941 
211 Total 3 21.01 0.91 -0.26 -1.09     0.98 1.33 3864 
            
212 Total 4 -198.47   1.37 4.91 2.79 1.83 0.70 4.84 6783 
213 Total 4 12.24 0.87 -0.21   0.06 0.06 0.97 1.40 3979 
214 Total 4 0.45 0.88   -0.99 -0.14 0.05 0.98 1.38 3939 
215 Total 4 22.26 0.91 -0.27 -1.11   -0.01 0.98 1.33 3866 
216 Total 4 21.10 0.91 -0.26 -1.12 -0.10   0.98 1.33 3864 
            
217 Total 5 22.89 0.92 -0.27 -1.15 -0.11 -0.02 0.98 1.33 3865 
1Within each dependent variable and number of variables, equations are ordered from largest to smallest Akaike's Information Criterion (AIC) and smallest to largest 
Adjusted R2 
aTotal = sum of the weights of the belly, Boston butt, ham, loin, picnic, and spareribs 
bRSD = residual standard deviation; AIC = Akaike's Information Criterion 
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Table A.4. One-, two-, three-, four-, five-, six-, and seven-variable regression equations to predict estimated carcass and primal value ($/100 kg) using carcass 
measurements.1 


















R2 RSDb AICb 
1 Carcass value 1 144.27           -1.79   0.04 6.14 7321 
2 Carcass value 1 208.86       -1.02       0.06 6.06 7290 
3 Carcass value 1 144.45         -6.05     0.18 5.67 7141 
4 Carcass value 1 187.13 -0.53             0.70 3.42 5997 
              
5 Carcass value 2 206.25       -0.87   -1.26   0.08 6.01 7271 
6 Carcass value 2 158.17         -6.18 -1.97   0.22 5.52 7079 
7 Carcass value 2 214.65       -0.94 -5.88     0.23 5.49 7068 
8 Carcass value 2 234.20             -1.17 0.33 5.13 6914 
9 Carcass value 2 235.68           -0.62 -1.14 0.33 5.12 6908 
10 Carcass value 2 295.98       -0.86     -1.14 0.37 4.96 6838 
11 Carcass value 2 243.49         -5.76   -1.14 0.49 4.47 6603 
12 Carcass value 2 182.26 -0.55           0.08 0.70 3.42 5997 
13 Carcass value 2 160.67 -0.55     0.39       0.71 3.38 5970 
14 Carcass value 2 188.58 -0.49       -2.47     0.73 3.27 5893 
15 Carcass value 2 180.30 -0.58         1.79   0.73 3.24 5875 
16 Carcass value 2 -17.73 3.49 -0.020           0.84 2.49 5281 
              
17 Carcass value 3 211.68       -0.76 -6.01 -1.50   0.25 5.40 7033 
18 Carcass value 3 295.38       -0.85   -0.11 -1.13 0.37 4.96 6840 
19 Carcass value 3 245.57         -5.83 -0.82 -1.10 0.50 4.44 6588 
20 Carcass value 3 299.53       -0.78 -5.63   -1.11 0.53 4.31 6520 
21 Carcass value 3 143.70 -0.60     0.47     0.17 0.71 3.36 5959 
22 Carcass value 3 192.75 -0.48       -2.56   -0.06 0.73 3.26 5893 
23 Carcass value 3 166.26 -0.52     0.32 -2.37     0.73 3.24 5872 
24 Carcass value 3 171.60 -0.61         1.84 0.13 0.73 3.23 5869 
25 Carcass value 3 160.37 -0.60     0.29   1.71   0.74 3.22 5859 
26 Carcass value 3 182.55 -0.54       -2.00 1.51   0.75 3.14 5804 
27 Carcass value 3 -21.96 3.48 -0.020         0.07 0.84 2.49 5279 
28 Carcass value 3 -32.63 3.43 -0.019   0.25       0.84 2.47 5260 
29 Carcass value 3 -636.01 21.88 -0.200 0.00059         0.86 2.33 5130 
30 Carcass value 3 -19.54 3.36 -0.019       1.60   0.87 2.29 5091 
31 Carcass value 3 -19.70 3.60 -0.020     -2.68     0.87 2.23 5032 
              
32 Carcass value 4 297.48       -0.74 -5.67 -0.37 -1.10 0.53 4.30 6519 
33 Carcass value 4 164.48 -0.52     0.33 -2.34   0.02 0.73 3.24 5874 
34 Carcass value 4 139.60 -0.65     0.40   1.76 0.21 0.74 3.19 5840 
35 Carcass value 4 181.56 -0.55       -1.98 1.52 0.01 0.75 3.14 5806 
36 Carcass value 4 165.00 -0.56     0.26 -1.95 1.44   0.75 3.12 5791 
37 Carcass value 4 -44.92 3.38 -0.019   0.32     0.13 0.85 2.45 5247 
38 Carcass value 4 -644.59 21.97 -0.201 0.00059       0.08 0.86 2.32 5126 
39 Carcass value 4 -646.00 21.69 -0.199 0.00058 0.24       0.86 2.31 5107 
40 Carcass value 4 -29.67 3.32 -0.019   0.17   1.56   0.87 2.28 5080 
41 Carcass value 4 -27.03 3.33 -0.019       1.65 0.12 0.87 2.28 5078 
42 Carcass value 4 -14.41 3.63 -0.020     -2.81   -0.09 0.87 2.23 5027 
43 Carcass value 4 -30.42 3.55 -0.020   0.18 -2.62     0.87 2.22 5019 
44 Carcass value 4 -607.48 20.86 -0.191 0.00056     1.54   0.88 2.13 4928 
45 Carcass value 4 -20.85 3.48 -0.020     -2.28 1.28   0.89 2.10 4891 
46 Carcass value 4 -640.50 22.06 -0.201 0.00059   -2.69     0.89 2.05 4838 
              
47 Carcass value 5 156.12 -0.58     0.30 -1.79 1.49 0.09 0.75 3.12 5789 
48 Carcass value 5 -664.56 21.80 -0.200 0.00059 0.31     0.14 0.87 2.29 5090 
49 Carcass value 5 -45.18 3.26 -0.019   0.25   1.60 0.17 0.87 2.25 5055 
50 Carcass value 5 -26.06 3.57 -0.020   0.16 -2.70   -0.05 0.87 2.22 5019 
51 Carcass value 5 -615.15 20.76 -0.190 0.00056 0.17   1.49   0.89 2.12 4916 
52 Carcass value 5 -620.40 20.96 -0.193 0.00056     1.59 0.13 0.89 2.11 4911 
53 Carcass value 5 -19.63 3.49 -0.020     -2.31 1.27 -0.02 0.89 2.10 4892 
54 Carcass value 5 -28.36 3.45 -0.019   0.13 -2.25 1.25   0.89 2.09 4884 
55 Carcass value 5 -632.84 21.99 -0.201 0.00059   -2.79   -0.07 0.89 2.04 4833 
56 Carcass value 5 -647.50 21.93 -0.200 0.00059 0.17 -2.63     0.89 2.03 4824 
57 Carcass value 5 -617.42 21.23 -0.194 0.00057   -2.31 1.21   0.91 1.91 4686 
              
58 Carcass value 6 -29.57 3.44 -0.019   0.14 -2.23 1.26 0.01 0.89 2.09 4886 
59 Carcass value 6 -637.15 20.86 -0.192 0.00056 0.25   1.54 0.18 0.89 2.09 4884 
60 Carcass value 6 -643.01 21.91 -0.200 0.00059 0.15 -2.69   -0.04 0.89 2.03 4824 
61 Carcass value 6 -616.45 21.23 -0.194 0.00057   -2.33 1.20 -0.01 0.91 1.91 4688 
62 Carcass value 6 -622.87 21.15 -0.193 0.00057 0.12 -2.28 1.18   0.91 1.91 4680 
              
63 Carcass value 7 -625.40 21.16 -0.194 0.00057 0.13 -2.42 1.19 0.02 0.91 1.91 4681 
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Table A.4 (continued). One-, two-, three-, four-, five-, six-, and seven-variable regression equations to predict estimated carcass and primal value ($/100 kg) using 
carcass measurements.1 


















R2 RSDb AICb 
64 Primal value 1 182.81       0.01       0.00 2.26 5061 
65 Primal value 1 182.63           0.16   0.00 2.26 5058 
66 Primal value 1 158.50             0.29 0.15 2.08 4873 
67 Primal value 1 171.31 0.12             0.27 1.93 4703 
68 Primal value 1 177.28         3.12     0.36 1.80 4549 
              
69 Primal value 2 183.14       -0.01   0.16   0.00 2.26 5060 
70 Primal value 2 160.66       -0.03     0.29 0.15 2.08 4874 
71 Primal value 2 158.86           -0.15 0.30 0.15 2.08 4872 
72 Primal value 2 169.10 0.11           0.03 0.27 1.93 4703 
73 Primal value 2 174.00 0.14         -0.70   0.31 1.88 4647 
74 Primal value 2 195.02 0.14     -0.35       0.32 1.87 4631 
75 Primal value 2 179.74       -0.03 3.12     0.36 1.80 4550 
76 Primal value 2 175.59         3.13 0.24   0.37 1.80 4542 
77 Primal value 2 169.84 0.08       2.51     0.48 1.63 4315 
78 Primal value 2 153.59         3.05   0.27 0.50 1.60 4277 
              
79 Primal value 3 159.86       -0.01   -0.14 0.30 0.15 2.08 4874 
80 Primal value 3 173.15 0.14         -0.70 0.01 0.31 1.88 4648 
81 Primal value 3 199.10 0.15     -0.37     -0.04 0.32 1.87 4630 
82 Primal value 3 195.13 0.16     -0.31   -0.62   0.34 1.83 4586 
83 Primal value 3 180.30       -0.07 3.15 0.28   0.37 1.80 4540 
84 Primal value 3 171.31 0.10       2.40 -0.37   0.49 1.61 4296 
85 Primal value 3 153.70         3.04 -0.05 0.28 0.50 1.60 4279 
86 Primal value 3 158.73       -0.07 3.06   0.28 0.50 1.60 4274 
87 Primal value 3 157.70 0.04       2.79   0.19 0.51 1.58 4252 
88 Primal value 3 189.30 0.10     -0.28 2.43     0.51 1.58 4247 
              
89 Primal value 4 200.57 0.17     -0.34   -0.63 -0.06 0.35 1.83 4583 
90 Primal value 4 158.73       -0.07 3.06 -0.001 0.28 0.50 1.60 4276 
91 Primal value 4 159.63 0.05       2.69 -0.26 0.17 0.52 1.57 4243 
92 Primal value 4 189.56 0.11     -0.27 2.34 -0.30   0.52 1.57 4235 
93 Primal value 4 175.62 0.07     -0.21 2.65   0.13 0.53 1.56 4218 
              
94 Primal value 5 176.97 0.08     -0.21 2.56 -0.24 0.12 0.53 1.55 4211 
1Within each dependent variable and number of variables, equations are ordered from largest to smallest Akaike's Information Criterion (AIC) and smallest to largest 
Adjusted R2 
aHCW = hot carcass weight, kg 
bRSD = residual standard deviation; AIC = Akaike's Information Criterion     
 
